UNCLASSIFIED 
AD  NUMBER 

_ AD  34  0311 _ 

_ CLASSIFICATION  CHANGES 

TO:  unclassified 

FROM:  secret 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release,  distribution 
unlimited 


FROM: 

Not  releasable  to  foreign  nationals. 


AUTHORITY 

DTRA  ltr,  6  May  99;  DTRA  ltr,  6  May  99 


THIS  PAGE  IS  UNCLASSIFIED 


SECRET 

FORMERLY  RESTRICTED  DATA 


A  l\ 

KU 


£4403 1 


(\ \epsiaduced 
luf,  the 

DEFENSE  DOCUMENTATION  CENTER 


SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CAMERON  STAT'ON.  ALEXANDRIA.  VIRGINIA 


FORMERLY  RESTRICTED  DATA 

SECRET 


NOTICE:  When  government  or  o^her  drawings,  speci¬ 
fications  or  other  dat^.  are  used  for  any  pui^pose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  l).  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


NOTICE: 

THIS  DOCUMENT  CONTAINS  INFORMATION 
AFFECTING  THE  TAHO^.-i  DEFENSE  OF 
THE  UNITED  STATF  i  WITHIN  THE  MEAN¬ 
ING  OF  THE  13Fi ONAS-K  LAWS,  TITLE  18, 
IJ.S.C.,  SECTIONS  793  and  79^.  THE 
TRANSMISSION  OR  THE  REVELATION  OF 
ITS  CONTENT "  "N  ANY  INNER  TO  AN 
UNAUTHORIZED  FERSC  ’ 3  PROHIBITED 


BY  LAW, 


DASA  - 1390 

SECRET  FORMERLY  RESTRICTED  DATA 


‘AV:4-' 

'■(jAt'S’i 

<?*},  A  SUMMARY  OF  UNDERGROUND  AND 
|  EARTH-COVERED  LOADING  AND  RESPONSE 
f  SYSTEMS  SUBJECTED  TO  THE  EFFECTS  OF 
o'  NUCLEAR  WEAPONS  DURING  FULL-SCALE 
I  TEST  OPERATIONS  CONDUCTED  1951-1958 


Final  Report: 

Contract  DA-49- 146-XZ-Q33 
United  States  Department  of  Defense 
Defense  Atomic  Suppo  -t  Agency 
Washington  25,  D.  C. 

The  Pennsylvania  State  University 
College  of  Engineering 
University  Park,  Pennsylvania 


Issuance  Date:  31  August  1963 
FORMERLY  RESTRICTED  DATA 

Handle  as  Restricted  Data  in  Foreign  Dissemination 
Section  144b,  Atomic  Energy  Act  of  1954 

Th  is  document  consists  of  - pages 

Number  of  — \J-~T  c0Pies 

This  material  contains  information  affect¬ 
ing  the  national  defence  of  the  United 
Sidles  wilhin  the  meaning  of  the 
espionage  laws.  Title  18,  U.S.C ,  Sec¬ 
tions  793  ana  794,  the  transmission  or 
revelation  of  which  in  any  manner  to  an 
unauthorized  person  is  prohibited  by  law. 


T-rv  i  y^-rrrN  r\  A  T  A 


SECRET  FORMtKLY  KtbiKKjnu  uaim 


SECRET 


FORMERLY 


RESTRICTED 


DATA 


A  SUMMARY  OF  UNDERGROUND  AND 
EARTH-COVERED  LOADING  AND  RESPONSE 
SYSTEMS  SUBJECTED  TO  THE  EFFECTS  OF 
NUCLEAR  WEAPONS  DURING  FULL-SCALE 
TEST  OPERATIONS  CONDUCTED  1951  -  1958 


Final  Report: 

Contract  DA-49-I46-XZ-033 
United  States  Department  of  Defense 
Washington  25,  D.  C. 

The  Pennsylvania  State  University 
College  of  Engineering 
University  Park,  Pennsylvania 

Issuance  Date:  31  August  1963 

FORMERLY  RESTRICTED  DATA 
Handle  as  Restricted  Data  in  Foreign 
Dissemination  Section  144b,  Atomic 
Energy  Act  of  1954 

This  document  consists  of  238  pages 
Number  of  copie: 

This  material  contains  information 
affecting  the  national  defense  of 
the  United  States  within  the  meaning 
of  the  espionage  laws.  Title  18, 
U.S.C.,  Sections  793  and  794,  with 
transmission  or  revelation  of  which  in 
any  manner  to  an  unauthorized  person 
is  prohibited  by  law. 


SECRET  FORMERLY  RESTRICTED  DATA  ' 

li 

Qualified  requestors  may  obtain  copies  of  this  report  from  D.DC  i  \  '  * 

!)  | ; 


Reproduction  in  whole  or  in  part  is  permitted 
for  any  purpose  of  the  United  States  Government. 


ACKNOWLEDGEMENTS 


The  following  persons  contributed  materially  to  the  literature 
search  and  compilation  of  test  data: 

Allen  F.  Dill 
Harry  H.  West 
Robert  M.  Barnoff 
Richard  H.  Seabold 


The  writers  sincerely  appreciate  the  work  accomplished. 
Sincere  appreciation  is  also  extended  to  the  cognizant 
personnel  of  the  Defense  Atomic  Support  Agency  for  their 
prompt  attention  to  our  needs. 


Respectfully  submitted: 


Albert  W  .  Knott 


FOREWORD 


Full  scale  teste  of  underground  and  earth-covered  loading  and  response  systems  sub¬ 
jected  to  the  effects  of  nuclear  weapons  were  made  during  the  period  of  1951  through 
1958.  Much  uf  this  data  has  been  scattered  through  classified  and  unclassified  lit¬ 
erature  without  any  previous  attempt  at  correlation  or  cross  reference  purposes  for  use 
by  researchers  in  the  field  of  structural  dynamics  and  weapons  effects  testing. 

This  document  includes,  in  one  volume,  all  available  pertinent  data  arranged  in 
order  of  test  operation,  but  cross  reference  indexed  by  functional  categories.  Each 
entry  includes  project  and  structure  identification,  cross  reference  listing,  report 
references,  project  objectives,  structural  description,  structural  details,  soil  char¬ 
acteristics,  shot  information,  the  test  layout,  loading  data,  a  summary,  other  remarks, 
and  subsequent  testing.  This  information  is  then  correlated  in  a  series  of  charts  de¬ 
signed  to  show  quickly  and  graphically  the  lelution  between  similar  tests,  and  so 
arranged  that  positive  trends  in  structural  response  become  apparent.  A  general  dis¬ 
cussion  and  recommendations  are  presented.  Maps  of  the  Fniwetok  Atoll  and  the 
Nevada  Test  Site  are  Included  to  facilitate  structure  location. 


Eniwetok  Proving  Grounds,  Marshall  Islands 
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Nevndn  Test  Site,  Mercury,  Nevada 
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PART  I 


Summary  of  Loading  and  Response  Systems 

The  following  material  is  an  enumeration  and  brief  description  of  each  test 
conducted  on  underground  and  earth-covered  systems  subjected  to  the  effects 
of  nuclear  weapons  during  full-scale  test  operations  conducted  from  1951  to 
1958.  A  discussion  and  correlation  of  the  tests  is  included  as  Part  2  of  thi s 
report. 
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OPERATION:  Greenhouse 

PROJECT:  3.1 

STRUCTURE  IDENTIFICATION:  3.1.3 
CROSS  REFERENCE  INDEX: 

EARTH-COVERED  AND  SEMI-BURIED  CONCRETE  —  Semi-Buried 
Cast-In-Place  Box  and  Precast  Concrete  Pipe  Sections  (  as  part  of  com¬ 
posite  shelter  ) 

EARTH-COVERED  AND  SEMI-BURIED  STEEL  —  Corrupted  Steel 
Pipe  Sections  (as  part  of  composite  shelter  ) 

REPORT  REFERENCES: 

WT -94,  WT-116,  WT-117,  WT-118,  WT-641 
Defense  Atomic  Support  Agency 
Washington  25,  D,C. 

LOCATION:  Janet  {  Engebi  ) 

Eniwetok  Proving  Grounds 

OBJECTIVES: 

To  test  the  response  of  the  structure  (3,1.3)  to  dynamic  loads  produced  by  an  atomic 
bomb  in  order  to  verify  parameters  for  use  in  the  application  of  dynamic-plastic  theory 
to  the  design  and  evaluation  of  structures  to  resist  atomic  blast. 

STRUCTURAL  DESCRIPTION: 

The  buried  structure  consisted  of  a  poured-In-place  reinforced  concrete  section  (  Unit 
A  ),  several  precast  reinforced  concrete  sections  (  Units  B,  C,  and  D  )  and  a  corrugated 
metal  pipe  section  (  Unit  E  }.  The  povred-in-place  shelter  was  designee  using  conser¬ 
vative  assumptions  for  the  transmission  of  the  blast  force  through  the  earth.  The  first 
precast  section  (  Unit  B  )  was  designed  using  the  same  loading  assumptions  adopted  for 
the  design  the  poured-in-piace  section.  The  load-carrying  capacity  of  precast  Unit 
C  was  arbi'-  arily  reduced  below  that  provided  in  Section  B,  and  the  strength  of  Unit  D 
was  further  reduced  by  an  arbitrary  amoun  .  The  corrugated-steel  pipe  section  (  Unit  E  ) 
was  a  standard  steel  pipe  having  such  a  small  load  capacity  that  its  use  could  not  be 
justified  on  the  basis  of  the  assumptions  used  for  the  design  of  the  other  units.  The  pur¬ 
pose  of  the  underground  test  was  to  determine  how  to  design  underground  shelters  and 
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to  provide  information  on  the  transmission  of  blast  pressures  through  soil. 


UNIT  A 

Solid  reinforced  concrete,  1 ‘-O'1  thick 

S'-O"  high,  8'-0"  wide,  18'-Q"  long 

Subdivided  by  plywood  partitions  into  two  air  locks 

UNIT  B 

Two  4'-0"  reinforced  concrete  pipe  sections 
8"  thick,  8'-6"  I.D. 

Reinforcing  —  5/8" 0@  4"  o.c. 

UNIT  C 

Two  4,-0"  reinforced  concrete  pipe  sections 
8"  thick,  8' -6"  I.D. 

Reinforcing  —  3/4" 0  @4"  o.c. 

UNIT  D 

Two  4'-0"  reinforced  concrete  pipe  sections 
8"  thick,  8'-6"  I.D. 

Reinforcin')  —  l/2,,j2f@6"  o.c. 

UNIT  E 

8'-0"  long,  10  gage  corrugated  metal  pipe  —  7'-0"  I.D. 
Circumference  —  4  pieces  lapped  4  3/4"  and  connected 
by  two  lines  of  3/4"  round  bolts 


STRUCTURAL  DETAILS: 


o 


TRANSVERSE  SECTION 
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SOIL  CHARACTERISTICS: 

Dry  sand  and  grave!  to  a  depth  of  six  feet  and  loose  saturaied  sand  from  six  feet  to 
twenty-five  feet. 


PREVIOUS  TESTING:  None 


SHOT: 

Name:  "Easy" 

Type:  Tower 

Yield:  46.7  KT 

Height  of  Burst:  300  feet 
Date:  20  April  1951 


LOADING: 

Shof  "Easy":  (  Overpressure  on  earch  surface) 
Peak  Overpressure:  60  psi 

Duration:  300  msec 


SUMMARY: 

There  was  insignificant’  damage  for  shot  "Easy" 

The  cast-in-place  section  consisted  of  a  box  with  one-foot-thick  reinforced-concrete 
members  for  the  walls,  roof,  and  floor.  This  portion  of  the  structure  was  designed  to 
act  elastically  under  full  theoretical  air  blast  pressure.  As  expected,  this  unit  showed 
no  evidence  of  plastic  deformation,  and  it  would  have  afforded  complete  protection  to 
personnel  inside  it  during  the  explosion. 

The  three  precast  sections  were  designed  with  varying  strengths  in  an  attempt  ti  insure 
plastic  action  in  at  least  one  of  them.  None  of  these  precast  sections  suffered  damage 
that  could  be  determined  by  visual  inspection. 

In  spite  of  the  very  light  metal  used  in  the  corrugated  pipe  section  of  the  shelter,  no 
permanent  plastic  deformations  were  observed. 

OTHER  REMARKS: 

Sections  of  the  underground  structure  were  provided  with  different  strengths  ranging  from 
that  required  for  full  air  blast  pressure  to  arbitrarily  weaker  sections  designed  to  antici¬ 
pate  larger  plastic  deflections  or  failure.  It  can  be  assumed  from  the  absence  of  damage 
or  large  distortions  in  the  weaker  sections  of  the  underground  test  structures,  that  the 
effective  pressures  exerted  against  the  underground  structures  were  much  less  than  ex¬ 
pected;  and  that  the  actual  conditions  regarding  arch  action,  shear  strength,  and  be¬ 
havior  of  soil  were  significantly  different  from  the  pre-test  analysts  assumptions. 


SUBSEQUENT  TESTING: 


During  Operation  Ivy,  this  structure  was  subjected  to  air  blast  overpressures  from  shots 
"Mike"  and  "King".  WT-641  contains  a  description  of  damage: 

Shot: 


Name: 

Type: 

Yield: 

Height  of  Burst: 
Date: 


"Mike" 
Tower 
14  MT 

20  feet 

31  Oct  1952 


"King- 

Air 

1480  feet 
15  Nov  1952 


Range: 

Overpressure: 


17,060  Feet 
1 8  psi 


54,600  feet 
0.42  psi 


Remarks:  Structurally  undamaged,  surface  on  vent  pipe  charred  on  side 
facing  GZ,  doors  removed  prior  to  test,  wood-frame  air  lock 
destroyed . 


OPERATION:  Greenhouse 


PROJECT:  3.2 

STRUCTURE  IDENTIFICATION:  3.2.4a 
CROSS  REFERENCE  INDEX: 

EARTH-COVERED  AND  SEMI-BURIED  CONCRETE  —  Semi -Buried 
Precast  Concrete  Magazine  (  Gable  ) 

REPORT  REFERENCES: 

WT-23,  WT -24,  WT-91,  WT-117 
Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Janet  (  Engebi  ) 

Eniwetok  Proving  Grounds 

OBJECTIVES: 

To  test  the  design  of  an  earth  -covered  precast-concrete  structure  for  use  as  a  magazine, 
storage,  or  personnel  shelter;  to  obtain  a  comparison  of  the  performance  of  an  earth- 
covered  structure  with  an  uncovered  structure  (  Greenhouse  3.2.4b  ). 

STRUCTURAL  DESCRIPTION: 

Structure  3.2.4a  was  a  precast-concrete  magazine  of  rigid  frame  panels  with  two  feet 
of  earth  cover . 


/ 


'e 


2  x  2  it  8  gag* 
WIRE  MESH 


SECTION  1-1 


DETAIL  “B" 


SOIL  CHARACTERISTICS: 

Sond  overburden  to  a  depth  of  five  feet,  conglomerate  from  five  feet  to  six  feet,  and 
loose  sand  and  coarse  gravel  from  six  feet  to  sixteen  feet. 

PREVIOUS  TESTING:  None 

SHOT: 

Name:  "Easy" 

Type:  Tower 

Yield:  46.7  KT 

Height  of  Burst:  300  feet 
Date:  20  April  951 
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LOADING: 

Shot  "Easy":  (  Predicted  peak  overpressure  of  20  psi  ) 

Main  Pulse: 

Side-on  Overpressure:  14,5  psi 
Rise  Time:  109  msec 

SUMMARY: 

It  was  predicted  that  greatest  damage  would  occur  in  frames  at  the  crown  of  the  roof. 
Cracks  at  haunches  were  anticipated. 

The  earth  cover  on  Structure  3.2.4a,  especially  the  heavy  embankments  against  the 
vertical  faces  of  the  side  walls,  caused  the  structure  to  respond  in  a  manner  slightly 
different  from  the  predictions.  It  was  thought  that  the  pressure  loading  would  produce 
a  response  similar  to  that  obtained  in  an  uncovered  arch  type  structure,  namely  a  slight 
flattening  out  of  the  windward  panels  with  tension  stresses  on  the  inside  and  compressive 
stresses  on  the  outside,  as  well  os  j  tendency  to  squash  the  leeward  panels  with  tension 
on  the  outside  and  compression  on  the  inside.  However,  the  flat  sloping  roof  portion  of 
the  windward  panels  received  a  heavier  load  than  the  vertical  face;  and  the  sloping 
portion  attempted  to  move  downward,  introducing  large  moments  at  the  knee  of  the 
panel  with  consequent  cracks  on  the  outside  of  the  knee  and  none  on  the  inside.  On 
the  leeward  wall  panels,  tension  cracks  appeared  on  the  inside  face  near  the  base  and 
also  at  the  fold  lines.  The  end  panels  that  remained  in  place  developed  shear  stresses 
and  cracks,  as  predicted,  and  to  just  about  the  extent  predicted. 

OTHER  REMARKS: 

A  companion  structure  (  3.2.4b  )  without  earth  cover  subjected  to  11.0  psi  suffered 
complete  collapse  of  the  end  walls.  The  rear  and  center  panels  of  both  end  walls 
failed  and  were  hurled  to  the  center  of  the  building.  The  front  panels  of  each  end 
wall  were  damaged  beyond  effective  use,  but  were  still  in  place  with  large  deflections. 
The  end  wall  panels  odjacent  to  the  windward  side  of  the  building  received  medium 
damage  in  those  panels  having  ribs  outward.  The  panels  having  skin  outward  were 
damaged  only  in  the  rib,  this  damage  being  moderate.  The  rear  panels  sustained  minor 
cracking. 

SUBSEQUENT  TESTING: 

Similar  structures  were  tested  in  Operation  Ups  hot -Knothole  Project  3.13  (  WT  -729  ). 
See  text  page  67. 


OPERATION: 


Greenhouse 


PROJECT:  3.2 

STRUCTURE  IDENTIFICATION:  3.2.6 
CROSS  REFERENCE  INDEX: 

EARTH-COVERED  AND  SEMI-BURIED  CONCRETE  -  Semi-Buried 
Precast  Concrete  Magazine  (  Dome  ) 

REPORT  REFERENCES: 

WT-23,  WT-24,  WT-91,  WT-117 
Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Janet  (  Engebi  ) 

Eniwetok  Proving  Grounds 

OBJECTIVES: 

To  test  the  design  of  an  earth-covered  precast-concrete  dome  structure  for  use  as  a 
magazine  or  personnel  shelter. 

STRUCTURAL  DESCRIPTION: 


Structure  3.2.6  was  a  dome  shaped  precast-concrete  Navy  magazine  with  two  feet  of 
earth  cover. 


DETAIL  "B"  DETAIL  V 


SOIL  CHARACTERISTICS: 

Loose  fine  sand  to  a  depth  of  12  feet;  compacted  coarse  gravel  and  coral  from  12  feet 
to  14  feet;  and  loose  sand,  gravel,  and  coral  from  14  feet  to  24  feet. 

PREVIOUS  TESTING:  None 

SHOT: 

Name:  "Easy" 

Type:  Tower 

Yield:  46.7  KT 

Height  of  Burst:  300  Feet 
Date:  20  Apri  I  1951 


.5 


control 


LOADING: 

Shot  "Easy":  (  Predicted  peak  overpressure  of  14.5  psi  ) 

Main  Pulse: 

Side-on  Overpressure:  12  psi 
Rise  Time:  40  msec 

SUMMARY: 

The  structure  suffered  only  minor  damage  (  permanent  vertical  deformations  of  3/4" 
maximum  )  under  the  applied  loading.  Slight  displacement  of  panels  occurred  relative 
to  each  other.  Most  of  the  earth  cover  remained  in  place;  however,  the  middle  sec¬ 
tion  of  the  earth  was  thrown  out.  The  door  to  the  structure  was  slightly  deformed,  but 
the  wing  walls  were  undamaged.  Failure  in  the  panels  of  this  structure  was  limited  to 
a  plastic  change  at  some  joints,  ^regularities  in  casting  and  shrinkage  caused  the  pane 
to  bear  on  each  other  at  the  corners.  Further,  column  action  of  the  ribs  in  the  vertical 
plane  during  vertical  deflection  and  of  the  ribs  in  the  horizontal  plane  during  wracking 
caused  plastic  strains  at  the  intersections. 

OTHER  REMARKS: 

There  was  no  attenuation  of  pressure  in  the  two  feet  of  cover  on  top  of  Structure  3.2.6. 
However,  decreased  pressures  were  observed  on  the  walls,  depending  upon  amount  of 
cover. 

SUBSEQUENT  TESTING: 

This  particular  structure  was  uncovered  and  subjected  to  similar  loading  during  Shot 
"Item".  Similar  conditions  of  range  and  pressures  existed;  however,  the  structure  was 
severely  damaged.  Four  of  the  lower  panels  on  the  side  of  the  structure  facing  the 
shot  were  demolished. 
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OPERATION: 


Buster -Jangle 
PROJECT:  3.2 

STRUCTURE  IDENTIFICATION:  3.13 
CROSS  REFERENCE  INDEX: 

MISCELLANEOUS  STRUCTURES  -  Buried  Reinfc  ced  Concrete  Box 
(  Open  Top  ) 

REPORT  REFERENCE: 

WT-387 

Defense  Atomic  Support  Agency 
Washington  2.5,  D.C. 

LOCATION:  Yucca  Flat 

Nevada  Test  Site 

OBJECTIVES: 

To  provide  data  for  the  analysis  and  design  of  heavy  underground  structures  to  resist 
impulsive  loads. 

STRUCTURAL  DESCRIPTION: 

Structure  3.13  was  a  buried  reinforced  concrete  open  box  designed  to  resist  high  earth 
pressures  on  its  front  and  rear  walls.  The  outside  dimensions  were  25  feet  by  25  feet, 
and  the  front  and  rear  walls  were  5  feet  thick.  The  top  of  the  structure  was  placed 
7.5  feet  below  ground  level. 

STRUCTURAL  DETAILS:  (SeePage  17) 

SOIL  CHARACTERISTICS: 

The  natural  soil  consisted  of  a  conglomerate  referred  to  as  "caliche".  The  moisture 
content  was  negligible.  The  average  density  of  the  undisturbed  soil  was  95  pcf;  and 
after  compaction,  the  average  density  was  103  pcf. 
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STRUCTURAL  DETAILS: 


SECTION  A-A 


PREVIOUS  TESTING: 

A  similar  but  not  identical  structure  was  tested  at  Dugway  Proving  Giound,  Utah.  The 
Dugway  structure  had  a  3  feet  4  inch  thick  rear  wall.  However,  this  was  thickened  for 
Operation  Jangle  because  the  rear  wall  failed  in  the  Dugwav  test. 


SHOT: 


Name: 

Type: 

Yield: 

Depth  of  Burst: 
Date: 


"Uncle” 

Underground 
1.2  KT 

17  feet — scaled  depth —  \  =0.13 
29  Nov  1951  C 


TEST  LAYOUT: 


STRUCTURE  3.13 


LOADING: 

Shot  "Uncle": 

No  air  pressure  measured 

Earth  pressure  ~  too  low  for  measurable  structural  response 

SUMMARY: 

The  buried  concrete  box  structure  was  placed  at  the  same  scaled  distance  as  for  a  similar 
structure  at  the  full  scale  dry  clay  test  at  Dugway,  Utah.  A  similar  one  in  the  latter 
test  was  severely  damaged,  and  it  was  suggested  that  placing  it  at  the  same  scaled  dis¬ 
tance  in  the  Jangle  test  would  cause  moderate  damage  to  the  structure.  Authoritative 
predictions  of  the  crater  size  were  not  available  prior  to  construction;  so  no  attempt 
was  made  to  place  this  structure  adjacent  to  the  crater,  which  would  have  resulted  in 
significant  damage,  as  demonstrated  by  the  Dugway  tests. 

The  structure  was  undamaged. 

OTHER  REMARKS: 

The  structure  was  instrumented  to  measure  load  and  response.  Unfortunately,  most  of 
the  transient  records  were  lost  due  to  a  recorder  failure.  In  addition,  the  structure 
responded  essentially  elastically  so  that  little  positive  information  was  obtained  from 
the  permanent  measurements. 

SUBSEQUENT  TESTING: 

Two  structures  of  this  type,  but  of  different  dimensions  were  included  in  Operation 
Teapot,  Project  3.3.2  (WT-1126).  (See  text  page  87.) 
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OPERATION:  Buster-Jangle 
PROJECT:  3.3 

STRUCTURE  IDENTIFICATION: 

3.21  al,  3,21  bl,  3.21  cl,  3,21  dl,  3.21  el,  3.21  fl,  3.21  a2, 

3.21  b2,  3.21  c2,  3.21  d2,  3.21  e2,  3.21  f2 

CROSS  REFERENCE  INDEX: 

MISCELLANEOUS  STRUCTURES  —  Buried  Steel  and  Reinforced  Con¬ 
crete  Cells  (  Open  Top ) 

REPORT  REFERENCES: 

WT-405,  Vol.  I 

Defense  Atomic  Support  Agency 

Washington  25,  D.C. 

LOCATION:  Yucca  Flaf 

Nevada  Test  Site 

OBJECTIVES: 

To  obtain  a  quantitative  estimate  of  the  damage  which  would  be  sustained  by  submerged 
cellular  structures  of  square  or  rectangular  design  as  a  result  of  an  underground  explos¬ 
ion  and  to  determine  whether  such  structures  are  satisfactory  for  use  as  underground 
protective  shelters. 

STRUCTURAL  DESCRIPTION: 

Six  pairs  of  square  cells  were  constructed  for  the  Operation  (  3 . 2 f  al  and  3.2;  a2 
through  3.21  fl  and  3.21  f2  ).  Cells  3.21  cl  through  3.21  fl  were  all  850  feet  from 
ground  zero,  while  cells  3.21  a2  through  3.21  f?  were  725  feet  from  ground  zero.  All 
cells  were  the  same  height,  8  feet,  and  all  were  placed  with  their  upper  ends  flush 
with  the  ground  surface.  Wall  thickness  was  the  same  for  a  given  ceil,  and  remoined 
constant  with  depth.  Structures  3.21  al  and  3.21  a2  were  made  of  12  gage  sheet  steel 
while  the  remaining  cells  were  constructed  of  reinforced  concrete. 
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STRUCTURAL  DETAILS: 


3.21  al  and  a2  —  light  Meta!  Steel  Cell 


!fc‘*S7-IO"®  IZ"o.e. 


PLAN 


20*- 0* 


3.21  fl  and  f2  —  Reinforced  Concrete  Cell 
26 


SOIL  CHARACTERISTICS: 

Visual  inspection  of  several  open  cuts  at  the  test  site  showed  a  wide  range  iri  the  grain 
size  of  the  soil.  Alternate  bands  of  coarse  gravel  and  graded  sand  were  seen  to  extend 
from  the  surface  to  a  depth  of  12  to  15  feet.  At  this  depth  there  was  a  band  of  caliche. 
There  is  a  wide  range  in  soil  grain  size  within  the  rather  shallow  depth  of  10  feet. 

PREVIOUS  TESTING:  None 
SHOT: 

Name:  "Uncle" 

Type:  Underground 

Yield:  1.2  KT 

Depth  of  Burst:  17  feet 

Date:  29  Nov  1951 

TEST  LAYOUT: 

Structures  3.21  al,  3.21  bl,  3.21  cl,  3.21  dl,  3.21  el  and  3.21  fl  were  all  850  feet 
from  ground  zero.  Structures  3.21  a2,  3.21  b2,  3.21  c2,  3.21  d2,  3.21  e2  and  3.21  f2 
were  725  feet  from  ground  zero.  Each  structure  was  aligned  with  its  front  face  perpen¬ 
dicular  to  a  ray  extending  from  ground  zero. 

LOADING: 

On  about  80  percent  of  the  records  there  is  almost  no  evidence  of  ground-transmitted 
earth  pressure.  Even  the  few  traces  which  can  be  identified  as  ground-transmitted 
pressure  do  not  exhibit  properties  characteristic  of  a  propagating  wave. 

SUMMARY: 

The  struciures  were  instrumented  to  measure  earth  pressures,  radial  accelerations,  verti¬ 
cal  accelerations,  and  displacements  ( relative  between  front  and  rear  walls  ). 

It  was  predicted  that  the  cells  located  at  725  feet  would  sustain  considerable  damage, 
while  those  at  850  feet  would  be  damaged  very  little. 

No  damage  to  the  concrete  cells  resulted  from  either  ground  or  air  blast  and  the  ground 
shock  was  only  a  smell  fraction  of  its  predicted  value. 

The  walls  of  the  metal  cells  were  observed  to  have  bowed  inward  as  much  as  9  inches 
at  the  top  and  4  inches  at  the  center.  However,  considerable  difficulty  was  encounter¬ 
ed  during  the  construction  period  in  attempting  to  keep  the  cells  from  deflecting  ex¬ 
cessively  under  the  static  soil  pressures  and  it  was  not  possible  to  determine,  by  visual 
examination  alone,  what  portion  of  the  observed  displacement  was  caused  by  the  explo¬ 
sion. 

OTHER  REMARKS: 

Pressure  records  show  that  the  earth  loads  which  result  from  impingement  of  a  ground- 
transmitted  disturbance  may  be  wholly  inconsequential .  The  natjre  of  the  medium  and 
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the  depth  and  dynamic  properties  of  the  disturbing  source  can  greatly  affect  the  charac¬ 
teristics  of  the  propagation.  Under  conditions  of  burial  depth,  energy  yield,  and  soil 
type  approximating  this  experiment,  it  is  safe  to  conclude  that  shallow  buried  reinforced 
concrete  cells  will  remain  undamaged  unless  they  are  near  the  source. 

Pressure  loads  were  so  low  that  even  structures  far  weaker  than  the  square  cells  would 
have  sustained  no  damage. 

SUBSEQUENT  TESTING:  None 
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OPERATION: 


Buster-Jangle 
PROJECT:  3.3 

STRUCTURE  IDENTIFICATION:  3.22  al,  3.22  a2,  3.22  bl,  3.22  b2 
CROSS  REFERENCE  INDEX: 

MISCELLANEOUS  STRUCTURES  —  Buried  Corrugated  Iron  and  Rein¬ 
forced  Concrete  Cells  (  Open  Top  ) 

REPORT  REFERENCES: 

WT -405,  Vol.  I 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Yucca  Flat 

Nevada  Test  Site 

OBJECTIVES: 

To  furnish  information  on  the  vulnerability  of  tunnels,  subways,  underground  conduits, 
piping,  etc.,  to  loads  imposed  by  underground  explosions  and  to  determine  the  suit¬ 
ability  of  structures  of  circular  design  for  use  as  protective  shelters. 

STRUCTURAL  DESCRIPTION: 

Four  circular  cells  and  three  tunnel  sections  were  constructed  for  the  operation.  Three 
of  the  circular  cells  had  6  inch  thick  concrete  walls,  doubly  reinforced.  The  fourth 
was  made  of  8  gage  corrugated  steel  sheet.  All  cells  were  oriented  with  their  longi¬ 
tudinal  axis  vertical  and  had  heights  and  outside  diameters  of  equal  dimensions,  10  feet. 

STRUCTURAL  DETAILS:  (See  Page  30) 

SOIL  CHARACTERISTICS: 

Visual  inspection  of  several  open  cuts  at  the  test  site  showed  a  wide  range  in  the  grain 
size  of  the  soil.  Alternate  bands  of  coarse  gravel  and  graded  sand  were  seen  to  extend 
from  the  surface  to  a  depth  of  12  to  15  feet.  At  this  depth  there  war,  a  band  of  caliche. 
There  is  a  wide  range  in  soil  grain  size  within  the  rather  shallow  depth  of  10  feet. 
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SECT! ON  A-A  SECTION  B-B 


3*22  a  —  Corrugated  Steel  Shell  3.22  b  —  Reinforced  Concrete  Cell 


PREVIOUS  TESTING:  None 

SHOT: 

Name:  "Uncle” 

Type:  Underground 

Yield:  1.2  KT 

Depth  of  Burst:  17  feet 
Date:  29  Nov  1951 
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TEST  LAYOUT: 


Details  of  Circular  Cells 


radial  distance 

depth  of  earth 

from  explosion 

covering  structure 

structure 

material 

( feet ) 

(  Feet  ) 

3.22  al 

Corrugated  Steel 

375 

3.22  a2 

Corrugated  Steel 

525 

None  (  upper  end  of 

3.22  bl 

Reinforced  Concrete 

525 

3.22  cells  flush  with 

3.22  b2 

Reinforced  Concrete 

375 

surface  ) 

LOADING: 

The  earth  pressure  records  indicate  the  total  absence  of  an  earth  pressure  wave. 
SUMMARY: 

The  cells  sustained  no  structural  damage. 

SUBSEQUENT  TESTING:  None 
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OPERATION:  Buster-Jangle 

PROJECT:  3.3 

STRUCTURE  IDENTIFICATION:  3.23  a,  3.23  b 

CROSS  REFERENCE  INDEX: 

BURIED  CONCRETE  —  Precast  Concrete  Pipe  Sections 

REPORT  REFERENCES: 

WT-405,  Vol .  I 

Defense  Atomic  Support  Agency 

Washington  25,  D.C. 

LOCATION:  Yucca  Flat 

Nevada  Test  Site 

OBJECTIVES: 

To  furnish  information  on  the  vulnerability  of  tunnels,  subways,  underground  conduit: 
piping,  etc.,  to  loads  imposed  by  underground  explosions;  and  to  determine  the  suit* 
ability  of  structures  of  circular  design  for  use  as  protective  shelters. 

STRUCTURAL  DESCRIPTION: 

The  three  tunnel  sections,  all  alike,  had  6 inch  concrete  walls  reinforced  at  mid- 
thickness  with  1/2  inch  round  bars  at  4  inches  on  center.  The  tunnel  sections  were 
24  feet  long,  7  feet  in  outside  diameter,  and  had  their  longitudinal  axis  horizontal. 

STRUCTURAL  DETAILS:  (  See  Page  33  ) 

SOIL  CHARACTERISTICS: 

Visual  inspection  of  several  open  cuts  at  the  test  site  showed  a  wide  range  in  the  grain 
size  of  the  soil.  Alternate  bands  of  coarse  gravel  and  graded  sand  were  seen  to  extend 
from  the  surface  to  a  depth  of  12  to  15  feet.  There  was  a  wide  range  in  soil  grain  size 
within  the  rather  shallow  depth  of  10  feet. 
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STRUCTURAL  DETAILS: 


SECTION  A-A 


PREVIOUS  TESTING:  None 

Buried  Concrete  Pipe  also  included  in  Operation  Buster-Jangle  Project  9.1 
(  Structure  9.1  b  ) . 

SHOT: 

Name:  "Uncle" 

Type:  Underground 

Yield:  1  .2  KT 

Dept!:  of  Burst:  17  feet 

Date:  29  Nov  1951 

TEST  LAYOUT: 

Details  of  Tunnei  Sections 


radial  distance 

depth  of  earth 

structure 

material 

from  explosion 

covering  structure 

(  feet  ) 

(  feet  ) 

3.23  al 

Reinforced  Concrete 

350 

3.0 

3.23  a2 

Reinforced  Concrete 

525 

3.0 

3.23  bl 

Reinforced  Concrete 

350 

9.0 

33 


LOADING: 

The  earth  pressure  records  indicate  the  total  absence  of  an  earth  pressure  wave.  Test 
records  indicate  that  the  magnitude  of  the  air  blast  induced  earth  pressure  is  quite  sub¬ 
stantial,  attaching  values  of  about  20  psi. 

SUMMARY: 

The  test  results  have  indicated  that  underground  structures  of  circular  cross-section 
located  2  to  4  crater  radii  from  ground  zero  are  almost  invulnerable  to  the  earth-trans¬ 
mitted  effects  which  follow  detonation  of  small  nuclear  weapons  buried  at  shallow  depths. 

OTHER  REMARKS: 

The  values  of  air  blast  induced  ground  pressure  given  on  test  records  do  not  furnish  a 
reliable  means  of  estimating  the  compressive  load  to  which  the  tunnels  were  subjected. 
Only  a  lightly  constructed  wooden  door  offered  resistance  to  penetration  of  the  struc¬ 
ture  by  the  shock  wave.  Hence,  when  the  wave  passed,  it  diffracted  into  the  structure 
loading  the  inside  surfaces  and  reducing  the  unbalanced  structural  load. 

SUBSEQUENT  TESTING:  None 
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OPERATION:  Buster-Jangle 

PROJECT:  9.1 

STRUCTURE  IDENTIFICATION:  9.1a 
CROSS  REFERENCE  INDEX: 

EARTH-COVERED  AND  SEMI-BURIED  STEEL  —  Earth-Covered 
Corrugated  Steel  Arch  Sections 

REPORT  REFERENCES: 

WT-359 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Yucca  Flat 

Nevada  Test  Site 

OBJECTIVES: 

To  develop  information  on  the  degree  of  protection  from  atomic  explosions  afforded  by 
simple  structures:  covered  trench,  metal  arch,  wood  arch,  and  basement  lean-to. 

STRUCTURAL  DESCRIPTION: 

A  total  of  29  structures  were  tested.  Eighteen  of  the  structures  were  prefabricated 
weed,  earth-covered  trench  shelters;  four  were  wood-arch  shelters;  two  were  basement 
lean-to  shelters;  and  five  were  earth-covered  corrugated  metal  arch  structures.  Only 
the  corrugated  metal  arch  structures  are  discussed  below. 

One  complete  metal-arch  shelter  (b-1)  was  included  in  the  test,  built  in  accordance  with 
plans  prepared  b/  the  Lehigh  University  Institute  of  Research.  It  consisted  of  a  1 2 
gage  corrugated  metai  arch  roof,  5  feet  6  inches  in  diameter,  resting  on  concrete 
block  walls.  The  arch  was  covered  with  three  feet  of  earth  cover. 

Four  other  metal-arch  sections  of  similar  span  were  included: 


b-2 

12  gage 

2  feet  earth  cover 

Concrete  Footing 

b-3 

16  gage 

2  feet  earth  cover 

Concrete  Footing 

b-4 

16  gage 

3  feet  earth  cover 

Concrete  rooting 

b  5 

1 2  goge 

3  feet  earth  cover 

Concrete  Footing 
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STRUCTURAL  DETAILS: 


SOIL  CHARACTERISTICS: 

Yucca  Flat-  is  an  alluvium-filled  valley.  The  alluvium  varies  in  character  from  clay 
and  silt-sired  particles  to  cobbles  and  boulders.  The  composition  of  this  material  is 
chiefly  limestone  and  volcanic  tuff  with  smaller  amounts  of  other  volcanics,  quartzite, 
conglomerate  and  sandstone.  The  alluvium  is  poorly  consolidated  except  where  the 
particles  are  cemented  by  caliche  or  where  beds  of  caliche  exist.  Density  of  the 
alluvium  varies  from  1  .3  to  1  .8  kilograms  per  liter. 

After  being  disturbed,  the  soil  had  practically  no  cohesive  properties.  The  low  cohesive 
value  of  the  material  used  in  backfilling  made  it  difficult  t*>  compact  the  earth  cover  on 
the  structures.  It  was  also  impossible  to  protect  above-ground  entrance  construction 
because  of  the  tendency  of  the  material  to  flow  freely  .  Intermittent  showers  two  days 
before  the  first  explosion  contributed  little  to  the  stability  of  the  earth  cover.  Since 
no  special  provisions  were  taken  to  compact  backfill,  the  structures  were  subjected 
to  unusually  severe  test  conditions. 

PREVIOUS  TESTING;  None 

SHOT: 

Name:  "Baker"  “Charlie"  "Dag" 

Type:  Air  Air  Air 

Yield:  3.5  KT  14  KT  21  KT 

Height  of  Burst:  1118  feet  1132  feet  1417  feet 

Date:  28  Oct  1951  30  Oct  1951  1  Nov  1951 


36 


TEST  LAYOUT 

Shot  " 

Baker" 

Shot  "Charlie" 

Shot  " 

Dog" 

distance 

slant 

distance 

slant 

distance 

slant 

from  GZ 

range 

from  GZ 

range 

from  GZ 

range 

b-1 

1272 

1694 

1360 

1769 

1256 

1894 

b-2 

1275 

1696 

1361 

1770 

1257 

1894 

b-3 

1277 

1698 

1363 

1772 

1258 

1895 

b-4 

1280 

1700 

1363 

1773 

1258 

1895 

b-5 

1282 

1704 

1367 

1775 

1259 

1896 

LOADING: 

(  Overpressures  at  structure  ) 

The  only  loading  information  available  is  peak  overpressure.  These  are  as  follows: 

Shot  "Baker"  7.9  psi 

Shot  "Charlie"  14.8  psi 

Shot  "Dog"  14.7  psi  (estimated) 

SUMMARY: 

Shot  "Baker"  Damage 

shelter  b-1  Heavy  Damage  .  End  section  pushed  in  at  bottom  .  Arch  twisted 

6"  to  12"  out  of  line  but  intact.  Entrance  almost  impassable  — 
folded.  Cover  reduced  18"  to  24". 

shelter  b-2  Arch  twisted.  Cover  reduced  15"  to  18". 

shelter  b-3  Cover  remaining  6"  to  9".  No  damage. 

shelter  b-4  Cover  remaining  9"  to  12",  No  damage. 

shelter  b-5  Cover  remaining  9"  to  12".  No  damage. 

Shot  "Charlie"  Damage 

shelter  b-1  Complete  Destruction.  End  section  and  entrance  demolished . 
Shelter  filled  with  materia! . 

shelter  b-2  No  change  in  position  of  arch;  arch  completely  stripped;  some 
soil  blown  in  open  end. 

shelter  b-3  End  wall  uncovered  and  opened  up.  Partially  filled  with  soil; 

practically  all  cover  removed. 

shelter  b-4  Arch  twisted;  end  section  demolished;  practically  all  cover 

removed . 
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shelter  b-5 

No  change  in  arch;  partly  filled  with  soil;  practically  all  cover 
removed . 

Shot  "Dog" 

Damage 

shelter  b-1 

Complete  Destruction.  No  change;  structure  completely 
stripped. 

shelter  b-2 

Arch  tilted  away  from  ground  zero;  end  section  demolished; 
partially  filled  with  materia! . 

shelter  bc,3 

Arch  tilted  away  from  ground  zero;  end  section  demolished; 
completely  filled  with  material. 

shelter  b-4 

Arch  tilted  towards  ground  zero;  end  section  demolished; 
partly  filled  with  soil. 

shelter  b-5 

End  section  demolished;  completely  filled  with  soil. 

OTHER  REMARKS: 

The  structural  instrumentation  used  did  not  provide  significant  data  for  any  analytical 
response  considerations.  Because  the  ends  of  the  arch  sections  were  open,  significant 
build-up  of  internal  pressures  occurred;  thereby  automatical ly  increasing  the  resistance 
of  the  structures.  These  structures  were  not  repaired  after  each  test. 

SUBSEQUENT  TESTING: 

Similar  structures  were  tested  in  Operation  Upshot-Knothole,  Project  21 .1  (  WT-801  ). 
See  text  page  74. 


OPERATION:  Buster-Jangle 


PROJECT:  9.1 

STRUCTURE  IDENTIFICATION:  9.1b 

CROSS  REFERENCE  INDEX: 

BURIED  CONCRETE  —  Concrete  Pipe 
BURIED  STEEL  —  Corrugated  Steel  Pipe 

REPORT  REFERENCES: 

WT-360 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Yucca  Flat 

Nevada  Test  Site 

OBJECTIVES: 

To  determine  the  effects  of  several  atomic  air  bursts  (os  related  to  blast,  radiation,  and 
thermal  hazards  to  personnel)  on  a  shelter  constructed  of  conventional  materials  and 
buried  under  about  three  feet  of  earth, 

STRUCTURAL  DESCRIPTION: 

The  test  structure  was  constructed  of  24  feet  of  standard  centrifugal ly  spun  reinforced 
concrete  pipe  ( three  8  foot  lengths,  90  inch  inside  diameter,  7  3/4  inch  shell  thick¬ 
ness  );  a  poured-in-place  reinforced  concrete  double  ramp  entrance;  24  feet  of  ingot 
iron  corrugated  multiplare  pipe  (  four  6  foot  lengths,  90  inch  inside  diameter,  10  gage) 
and  a  10  gage  and  12  gage  corrugated  metal  sheet  and  structural  steel  double  ramp 
entrance.  These  materials  were  joined  at  the  center  to  form  a  48  foot  long  (  e-clusive 
of  ramps  )  48-person  capacity  shelter.  Three  feet  and  3  feet  8  inches  of  earth  were 
placed  over  the  concrete  and  metal  pipe  respectively,  mounded  about  2  feet  above 
normal  grade  over  the  principal  axis  of  the  pipe,  and  sloped  at  about  1  in  10. 

STRUCTURAL  DETAILS:  (  See  Page  40) 


SOIL  CHARACTERISTICS: 

The  alluvium  in  Yucca  Flat  varies  in  character  from  clay  and  silt-sized  particles,  to 
cobbles  and  boulders.  The  composition  of  this  mutuiial  Is  chiefly  limestone  and 
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volcanic  tuff  with  smaller  amounts  of  other  volcanics,  quartzite,  conglomerate  and 
sandstone.  The  alluvium  Is  poorly  consolidated  except  where  the  particles  are  cement¬ 
ed  by  caliche  or  where  beds  of  caliche  exist.  Density  of  the  alluvium  varies  from  1 .3 
to  1 .8  kilograms  per  liter;  that  is,  88  to  112  pounds  per  cubic  foot.  There  were  no 
determinations  made  of  the  cohesive  properties  of  the  soil  either  before  or  after  it  was 
disturbed . 

The  soil  at  the  location  of  the  AEC  Communal  Shelter  was  predominantly  of  silt-sized 
particles,  of  very  low  moisture  content,  and  difficult  to  compact.  The  material  showed 
a  pronounced  tendency  to  flow  freely,  which  characteristic  caused  the  progressive 
flattening  after  each  shot  of  the  mounded  earth  cover  over  the  shelter  with  a  resultant 
loss  in  shielding  against  initial  nuclear  radiation.  The  test  operations  did  not  permit 
the  replacement  of  earth  cover  removed  by  each  explosion,  nor  the  removal  of  soil 
which  flowed  down  the  ramps  and  into  the  open  ends  of  the  shelter. 

PREVIOUS  TESTING:  None 

SHOT: 

Name: 

Type: 

Yield: 

Height  of  Burst: 

Date: 

TEST  LAYOUT: 


"Baker" 

Air 

3.5  KT 

1118  feet 
28  Oct  1951 


"Charlie" 
Air 
14  KT 
1132  feet 
30  Oct  1?51 


"Dog" 

Air 
21  KT 
1417  feet 
1  Nov  1951 


"Easy" 

Air 

31.3  KT 

1 31 4  feet 

5  Nov  1951 
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LOADING: 


Shot  "Baker" 
9.0  psi 

25.4  psi 

39.1  psi 

35.9  psi 
Shot  "Charlie" 

24.0  psi 
31  .7  psi 

47 . 5  psi 

44.7  psi 
Shot  "Dog" 

25. 9  psi 

30.7  psi 


Peak  overpressure  at  ground  level 

Average  inside  overpressure;  5  feet  from  center  in  concrete 
section 

Average  inside  overpressure;  5  feet  from  center  in  steel  section 
Average  inside  overpressure  at  center;  24  feet  from  ends 

Peak  overpressure  at  ground  level 

Average  inside  overpressure;  5  feet  from  center  in  concrete 
section 

Average  inside  overpressure;  5  feet  from  center  in  steel  section 
Average  inside  overpressure  at  center;  24  feet  from  ends 

Peak  overpressure  at  ground  level 

Average  inside  overpressure;  5  feet  from  center  in  concrete 
section 


35.2  psi  Average  inside  overpressure;  5  feet  from  center  in  steel 

(  est .  )  secti  on 


38.7  psi  Average  inside  overpressure  at  center;  24  feet  from  ends 

Shot  "Easy"  (Loading  data  not  available) 

SUMMARY: 

Shot  "Baker"  produced  light  damage  and  insignificant  movement  of  earth  cover.  The 
maximum  vertical  deflections  were  1.14  inches  for  the  metal  pipe  and  1 .24  inches  for 
the  concrete  pipe.  Permanent  displacements  were  0.44  inches  for  the  metal  pipe  and 
0.56  inches  for  the  concrete  pipe. 


Shot  "Charlie"  removed  a  considerable  amount  of  earth  cover  and  large  quantities  of 
soil  flowed  down  the  ramps  and  into  the  pipe  ends.  No  damage  was  observed  in  the 
metal  pipe.  The  maximum  vertical  deflection  was  0.74  inches,  and  an  additional 
permanent  displacement  of  0.16  inches  was  observed.  The  concrete  pipe  was  un¬ 
damaged.  The  maximum  vertical  deflection  was  0.68  inches,  and  no  additional 
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permanent  displacement  was  observed. 

Shot  "Dog"  removed  the  remaining  earth  cover  and  filled  the  pipe  ends  to  approxi¬ 
mately  50  percent  of  their  original  area.  The  metal  ramp  was  collapsed  and  the  struts 
at  the  concrete  ramp  were  damaged.  Maximum  vertical  deflections  were  2.72  inches 
and  2.10  inches  for  the  metal  and  concrete  pipes  respectively;  and  permanent  dis¬ 
placements  were  0.60  inches  and  0.93  inches  in  addition  to  the  displacements  produced 
by  the  previous  shots. 

Shot  "Easy"  produced  vertical  deflections  of  1  .20  inches  and  0.62  for  the  metal  and 
concrete  pipe  sections  respectively;  and  additional  permanent  displacements  were 
0.37  inches  and  0.07  inches. 

Structural  instrumentation  consisted  of  indenter  gages  and  vertical  displacement  gages. 
OTHER  REMARKS: 

The  structures  were  open;  hence,  considerable  internal  pressures  developed.  Response 
under  these  conditions  could  be  considerably  different  from  closed  shelters. 

SUBSEQUENT  TESTING: 

None  for  this  structure.  Structures  of  corrugated  steel  pipe  sections  were  included  in 
the  following: 

Operation  Plumbbob,  Project  3.2  (See  text  page  121.) 

Operation  Plumbbub,  Project  34.3  (See  text  page  171.) 

Structures  of  concrete  pipe  sections  were  included  in  Operation  Plumbbob,  Project  3.2. 
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OPERATION; 


Ivy 


PROJECT;  Test  Support  Station 

STRUCTURE  IDENTIFICATION;  Station  200 
CROSS  REFERENCE  INDEX: 

TEST  SUPPORT  STATIONS  • —  Massive  Reinforced  Concrete  Semi- 
Buried  Shelter 

REPORT  REFERENCES: 

WT-641 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Irene  (  Bogairikk  I.  ) 

Eniwetok  Proving  Grounds 

OBJECTIVES:  (Non-experi mental  structure) 

Structure  used  for  test  support  purposes,  thus  only  visual  past  shot  inspections  were 
made . 

STRUCTURAL  DESCRIPTION: 

Massive  reinforced  concrete  semi -buried  structure;  walls  4  feet  thick;  roof  3  feet 
thick;  wall  reinforcing  1/2%  vertical  and  1/4%  horizontal  in  each  face;  roof  slab 
reinforced  with  steel  I-beams  over  14,  12,  and  9  feet  clear  spans. 

STRUCTURAL  DETAILS:  (See  text  page  45. ) 

SOIL  CHARACTERISTICS: 

Coral  sand.  Fine  to  coarse  sand  with  some  fine  gravel . 
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wiNGWA  Li- 


PREVIOUS  TESTING:  None 
SHOT: 

Name:  "Mike"  "King" 

Type:  Tower  Air  Drop 

Yield:  14  MT 

Height  of  Burst:  20  feet  1480  feet 

Date:  31  Oct  1952  15  Nov  1952 


TEST  LAYOUT 
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LOADING: 

(  Overpressure  at  ground  surface  ) 

Shot  "Mike" 

Precursor:  None 

Main  Pulse:  Rise  Time  —  essentially  zero 
Peak  Overpressure  —  52  psi 
Duration  —  Unknown 

Shot  "King" 

Precursor:  None 

Main  Pulse:  Rise  Time  —  essentially  zero 
Peak  Overpressure  —  0.35  psi 
Duration  —  Unknown 

SUMMARY: 

Heavy  concrete  wall  with  pipe  inserts  at  front  of  structure  was  badly  dented.  In  rear 
of  structure  a  heavy  steel  beam  was  bent  through  180°.  A  retaining  wall  was  separated 
from  structure  but  not  severely  damaged.  No  majos  structural  damage. 

OTHER  REMARKS: 

Measurements  of  earth  pressure  and  deflection  were  not  made  for  this  test  station; 
hence,  response  data  was  collected  by  visual  inspection  for  general  information  pur¬ 
poses  only . 

SUBSEQUENT  TESTING: 

This  structure,  also  identified  as  Operation  Castle,  Structure  200;  Operation  Redwing 
Structure  1611;  and  Operation  Hardtack,  Structure  1314,  was  subjected  to  significant 
overpressures  in  those  operations. 


Operation 

Castle 

Redwing 

Redwing 

Hardtack 

Device  code  name 

"Nectar" 

"Seminole" 

"Apache" 

"Koa" 

Location 

Enlwetok 

Eniwetok 

Eniwetok 

Eniwetok 

Size  of  weapon 

1  .7  MT 

13.6  KT 

1.85  MT 

1 .38  MT 

Height  of  burst 

Barge 

Surface 

Barge 

Surface 

Distance  from  G2 

8, 967  feet 

1,217  feet 

7, 500  feet 

5, 360  feet 

Peak  overpressure 

20  psi 

30  ps? 

30  psi 

42  psi 

Post  shot  conditions  for  each  successive  operation  indicated  little  or  no  additional 
damage . 
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OPERATION:  Ivy 


PROJECT:  Test  Support  Station 

STRUCTURE  IDENTIFICATION:  Station  252 

CROSS  REFERENCE  INDEX: 

TEST  SUPPORT  STATIONS  —  Reinforced  Concrete  Semi-Buried 
Shelter 

REPORT  REFERENCES: 

WT-641 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Yvonne  (  Runit ) 

Eniwetok  Proving  Grounds 

OBJECTIVES: 

(Non-^experimental  structure).  Structure  used  for  test  support  purposes. 

STRUCTURAL  DESCRIPTION: 

Reinforced  concrete  semi-buried  structure;  walls  and  roof  1  foot  2  inches  thick  with 
1%  main  reinforcement  for  13  feet  clear  span. 

STRUCTURAL  DETAILS. 
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PLAN 


SOIL  CHARACTERISTICS: 

Coral  sand.  Fine  to  coarse  sand  with  some  fine  gravel . 


PREVIOUS  TESTING:  None 
SHOT: 

Name: 

Type: 

Yie Id: 

Height  of  Burst: 
Date: 


"Mike"  "King" 

Tower  Air  Drop 

14  MT 

20  feet  1 480  feet 

31  Oct  1952  15  Nov  1952 
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LOADING: 


Shot  "Mike" 

Precursor:  None 

Main  Pulse:  Rise  Time  —  essentially  zero 

Peak  Overpressure  —  1.35  psi 

Shot  "King" 

Precursor:  None 

Main  Pulse:  Rise  Time  —  essentially  zero 

Peak  Overpressure  —  IS  psi 

SUMMARY: 

Wood  parapet  and  sandbags  v'ere  blown  over  entrances,  no  damage  to  concrete  structure. 
OTHER  REMARKS: 

Measurements  of  pressure  and  deflection  were  not  made  for  this  test  station;  hence, 
response  data  was  collected  by  visual  inspection  for  general  information  purposes  only. 

SUBSEQUENT  TESTING: 

No  data  available. 


51 


OPERATION:  ivy 

PROJECT:  Test  Support  Station 

STRUCTURE  IDENTIFICATION:  Station  307 
CROSS  REFERENCE  INDEX: 

TEST  SUPPORT  STATIONS  —  Reinforced  Concrete  Semi-Buried 
Shelter 

REPORT  REFERENCES: 

WT-641 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Yvonne  (  Runit  ) 

Eniwetok  Proving  Grounds 

OBJECTIVES: 

(Non-experimental  structure).  Structure  used  for  test  support  purposes. 


STRUCTURAL  DESCRIPTION: 

Reinforced  concrete  semi-buried  structure;  walls  and  roof,  1  foot  3  inches  thick  wi  th 
1/2%  main  reinforcement  for  9  foot  clear  span;  earth  cover,  2  feet  thick  over  roof. 

STRUCTURAL  DETAILS: 
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SOIL  CHARACTERISTICS: 

Cores  I  sand.  Fine  to  coarse  sand  with  some  fine  gravel . 
PREVIOUS  TESTING:  None 
SHOT: 

Name:  "Mike" 

Type:  Tower 

Yield:  14  MT 

Height  of  Burst:  20  feet 

Date:  31  Oct  1952 

TEST  LAYOUT:  (  See  Test  Layout,  Page  50) 

LOADING: 

(  Overpressures  at  ground  surface  ) 

Shot  "Mike" 

Precursor:  None 

Main  Pulse:  Rise  Time  —  essentially  zero 

Peak  Overpressure  —  1.35  psi 


"King- 
Air  Drop 

1 480  feet 
1 5  Nov  1  952 
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Shot  "King" 

Precursor:  None 

Main  Pulse:  Rise  Time—  essentially  zero 

Peak  Overpressure  —  1 1 .0  ps: 

SUMMARY: 

The  damage  observations  were  of  a  visual  nature.  Because  there  were  two  atomic 
bursts  at  different  points  in  Operation  ivy,  there  was  an  overlap  of  air-burst  effects 
at  some  points.  This  made  it  difficult  to  tell  what  damage  was  caused  by  each  shot. 
Only  minor  damage  was  reported  ( a  12  inch  pipe  outlet  was  bent  );  no  damage  to 
concrete  structure. 

SUBSEQUENT  TESTING: 

No  data  available. 
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OPERATION:  Ivy 

PROJECT:  Test-  Support  Station 

STRUCTURE  IDENTIFICATION:  Station  520 

CROSS  REFERENCE  INDEX: 

TEST  SUPPORT  STATIONS  —  Massive  Reinforced  Concrete  Semi- 
Buried  Shelter 

REPORT  REFERENCES: 

WT-641 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Clara  (Ruchi) 

Eniwetok  Proving  Grounds 

OBJECTIVES: 

(Non-experimental  structure).  Structure  used  for  test  support  purposes. 

STRUCTURAL  DESCRIPTION: 

Massive  reinforced  concrete  semi-buried  structure;  walls  and  roof  4  feet  4  inches 
thick  with  1/4%  reinforcement  in  each  face  in  two  directions;  clear  span  of  8  feet; 
earth-fill  cover  approximately  4  feet  deep. 

STRUCTURAL  DETAILS:  (  See  Page  56) 

SOIL  CHARACTERISTICS: 

Coral  sand.  Fine  to  coarse  sand  with  some  fine  gravel. 

PREVIOUS  TESTING:  None 
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E*3 


LOADING: 

(  Overpressure  at  ground  surface  ) 

Shot  "Mike" 

Precursor:  None 

Main  Pulse:  Rise  Time  —  essentially  zero 

Peak  Overpressure  —  74  psi  estimated 

Shot  "King" 

Precursor:  None 

Main  Pulse:  Rise  Time  —  essentially  zero 

Peak  Overpressure  —  0.3  psi 

SUMMARY: 

There  was  no  major  damage;  however,  the  top  of  the  retaining  wall  at  the  rear  of 
the  structure  collapsed. 

OTHER  REMARKS: 

Measurements  of  earth  pressure  and  deflection  were  not  made  for  this  test  station; 
hence,  response  data  was  collected  by  visual  inspection  for  general  information  pur¬ 
poses  only. 

SUBSEQUENT  TESTING:  (WT-901) 

This  structure,  also  identified  as  Operation  Castle,  Structure  1810.05,  was  subject 
to  the  following  overpressure  in  Operation  Castle: 

Devic?  code  name  "Nectar" 

Location  Eniwetok 

Size  of  weapon  3  .7  MT 

Height  of  Burst  Barge 

Distance  from  GZ  7,553  feet 

Peak  overpressure  50  psi 

The  structure  suffered  minor  damage  where  the  top  of  the  retaining  wall  collapsed 
again  and  much  of  the  earth  cover  was  blown  away. 
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OPERATION:  Upshot-Knothole 


PROJECT:  3.7 

STRUCTURE  IDENTIFICATION:  3.7 

CROSS  REFERENCE  INDEX: 

BURIED  CONCRETE  —  Reinforced  Concrete  Personnel  Shelters 

REPORT  REFERENCES: 

WT-726 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Frenchman's  Flat 

Nevada  Test  Site 

OBJECTIVES: 

To  obtain  basic  data  for  the  development  of  criteria  for  the  design  of  various  devices 
suitable  as  air  intakes  or  ventilation  ducts.  (An  underground  reinforced  concrete 
structure,  of  interest  here,  has  been  used  as  a  test  facility.  ) 

STRUCTURAL  DESCRIPTION: 

The  test  facility  consisted  of  one  large  structure  divided  into  several  compartments 
to  provide  the  required  facilities.  The  main  portion  of  the  structure  was  divided  into 
two  equal  areas,  and  a  portion  of  each  of  these  large  areas  was  subdivided  into  three 
separate  chambers.  The  six  chambers  thus  formed  were  3  feet  by  4  feet  by  7  feet 
high,  and  served  as  test  chambers  for  the  vents. 

The  concrete  floor  slab,  roof  slab  and  walls  were  12  inches  thick;  and  in  general, 
the  design  was  based  on  the  assumption  that  the  slabs  spanned  the  short  direction 
only  and  were  fixed  at  the  supports. 

The  rcof  slob  was  designed  to  experience  minor  cracking  when  subjected  to  a  triangu¬ 
lar  loading  pulse  having  a  peak  pressure  of  60  psi  and  a  duration  of  100  msec. 

The  earth  cover  over  the  roof  was  2  feet  deep.  Two  test  entranceways  provided 
access  to  the  structure. 
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STRUCTURAL  DETAILS; 


SECTION 

A-A 

SOIL  CHARACTERISTICS: 

The  soil  of  Frenchmen's  Flat  consists  of  silt  with 

a  trace  of  clay  and  has  a  maximum  dry 

density  of  96  to  108  pc f. 

PREVIOUS 

TESTING:  None 

SHOT: 

Shot  9 

Shot  10 

Name:  1 

’Encore" 

"G  table" 

Type: 

Air 

Gun 

Yield: 

26.5  KT 

14.9  KT 

Height  of  Burst: 

2425  feet 

524  feet 

Date: 

8  May  1953 

25  May  1953 

0F  iHcuhwioh 


load^G; 

shot  9: 


precursor: 

fAovn  Po'se: 


Shot  tO: 

Precursor. 


None  _  eSsenhoUy  zero 

CT.se  Time  — *  e”  __  2\  p*' 

R  Voverpressore  — 

peok  ?  Z  660  msec 

Quration 


.  _  eMen.io"V  zer° 

Rise  Time  25  P51 

Overpres^^o  ^  35  mS8c 

Quration  \ntoT5msec  _ 

Rise  Time  —  __  ]\5  p*' 

.  A  -n  puise’-  .  nveroressure 

^a'n  r  Peok  Overp 


SUMMARY: 

No  structural  damage  occurred  during  Shot  9.  Most  data  recorded  for  this  shot  was 
from  instrumentation  on  the  ventilators. 

The  pressures  produced  by  Shot  10  were  twice  the  magnitude  expected.  Consequently 
ail  of  the  ventilators  failed  in  this  shot  except  the  rock  grilles.  A  structural  failure 
occurred  in  the  roof  of  one-half  of  the  test  shelter.  The  failure  appeared  to  be  pri¬ 
marily  a  shear  failure.  The  roof  in  the  other  half  of  the  rest  shelter  showed  no  measur¬ 
able  permanent  deformation. 

OTHER  REMARKS: 

The  results  of  Shot  10  were  of  interest  because  of  the  structural  failure  which  occurred 
in  the  roof  of  the  structure  in  one-half  of  the  test  shelter.  The  roof  had  been  designed 
for  a  pressure  of  60  psi,  with  design  values  that  corresponded  to  a  factor  of  safety  of 
about  two.  Since  the  actual  pressures  obtained  were  just  about  these  which  should 
have  caused  failure  in  the  structure,  it  is  not  surprising  that  such  a  failure  was  observed. 
However,  the  conditions  of  failure  were  somewhat  unusual  in  that  only  one  roof  element 
failed,  apparently  in  shear,  primarily;  and  the  other  showed  no  measuiabie  permanent 
deformation.  It  is  not  at  all  impossible,  however,  that  there  were  differences  in  the 
pressure  levels  on  the  different  parts  of  the  structure,  which  may  have  accounted  for 
these  phenomena;  or  that  because  of  construction  details,  the  resistance  of  the  two 
roofs  differed  somewhat.  This  difference  could  easily  have  come  about  because  the 
structure  was  not  intended  to  fail  in  the  loading  expected,  and  no  precise  inspection 
leading  to  a  close  evaluation  of  strength  was  available. 

SUBSEQUENT  TESTING: 

No  data  avai  (able . 
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SUMMARY: 

No  structural  damage  occurred  during  Shot  9.  Most  data  recorded  for  this  shot  was 
from  instrumentation  on  the  ventilators. 

The  pressures  produced  by  Shot  10  were  twice  the  magnitude  expected.  Consequently 
all  of  the  ventilators  failed  in  this  shot  except  the  rock  grilles.  A  structural  failure 
occurred  in  the  roof  of  one-half  of  the  test  shelter.  The  failure  appeared  to  be  pri¬ 
marily  a  shear  failure.  The  roof  in  the  other  half  of  the  test  shelter  showed  no  measur¬ 
able  permanent  deformation. 

OTHER  REMARKS: 

The  results  of  Shot  10  were  of  interest  because  of  the  structural  failure  which  occurred 
in  the  roof  of  the  structure  in  one-half  of  the  test  shelter.  The  roof  had  been  designed 
for  a  pressure  of  60  psi,  with  design  values  that  corresponded  to  a  factor  of  safety  of 
about  two.  Since  the  actual  pressures  obtained  we  re  just  about  those  which  should 
have  caused  failure  in  the  structure,  it  is  not  surprising  that  such  a  failure  was  observed. 
However,  the  conditions  of  failure  were  somewhat  unusual  in  that  only  one  roof  element 
failed,  apparently  in  shear,  primarily;  and  the  other  showed  no  measurable  permanent 
deformation.  It  is  not  at  all  impossible,  however,  that  there  were  differences  in  the 
pressure  levels  on  the  different  parts  of  the  structure,  which  may  have  accounted  for 
these  phenomena;  or  that  because  of  construction  details,  the  resistance  of  the  two 
roofs  differed  somewhat.  This  difference  could  easily  have  come  about  because  the 
structure  was  not  intended  to  fail  in  the  loading  expected,  and  no  precise  inspection 
leading  to  a  close  evaluation  of  strength  was  available. 

SUBSEQUENT  TESTING: 

No  data  available. 
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OPERATION:  Upshot-Knothole 

PROJECT:  3.8 

STRUCTURE  IDENTIFICATION:  3.8a,  3.8b,  3.8c 

CROSS  REFERENCE  INDEX: 

LOADING-RESPONSE  EXPERIMENTAL  SYSTEMS  —  Buried  Steel 
Beam  Response  Elements 

REPORT  REFERENCES: 

WT  -727 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Frenchman's  Flat 

Nevada  Test  Site 

OBJECTIVES: 

To  determine  the  nature  of  forces  transmitted  through  earth  to  buried  structures  from  the 
explosion  in  air  of  an  atomic  bomb;  and,  to  determine  the  variation  of  these  forces  with 
the  depth  of  transmission  through  earth  and  with  the  flexibility  of  the  structural  elements. 

STRUCTURAL  DESCRIPTION: 

Three  structures  (  3.8a,  3.8u,  and  3.8c  )  composed  of  concrete  boxes  with  8  feet  long 
simple  supported  steel  beam  strips  as  roofs.  The  beam  strips  for  each  of  the  structures 
included  members  of  each  of  three  different  degrees  of  flexibility;  earth  cover  was  1 
fooi,  4  feet,  and  3  feet  respectively. 

STRUCTURAL  DETAILS:  (See  Page  64) 

SOIL  CHARACTERISTICS: 

Tan  silt  with  a  trace  of  clay  from  Frenchman's  Fiat;  maximum  dry  density  of  96.4  to 
108.2  pcf  and  moisture  content  of  17.2  to  23.5%;  backfill  compacted  to  on  average 
dry  density  of  99.4  pcf;  unconfined  compressive  strength  of  4.17  tsf. 

PREVIOUS  TESTING:  None 
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STRUCTURAL  DETAILS: 


SECTIONS 


SHOT: 


Name: 

Type: 

Yield: 


Shot  9 
"Encore" 
Air 

26.5  KT 


Height  of  Burst:  2425  feet 


Date: 


8  May  1953 


TEST  LAYOUT:  (  See  Page  65  ) 

LOADING: 

(  Overpressures  at  ground  surface  } 
Shot  9: 

Precursor:  None 

Main  Pulse:  Rise  Time  —  e 


Shot  10 
"Grable" 

Gun 
14.9  KT 
524  feet 
25  May  1953 


None 

Rise  Time  —  essentially  zero 
Peak  Overpressure  —  15  psi 
Duration  —  700  msec 


Shot  10: 

Precursor: 


Rise  Time  —  essentially  zero 
Overpressure  —  16  psi 
Duration  —  50  to  60  msec 


5.31" 


Main  Pulse:  Rise  Time  —  15  to  20  msec 
Peak  Overpressure  —  63  psi 
Duration  —  150  msec 

TEST  LAYOUT: 


ASSUMED 


(86'  W,  139‘  S) 


W.f'' 


ELEVATION  B-B 


o 

_  l 

oo 


3.8c 


-IT 


GZ  SHOT  9  — 
( 15'  W,  837’  S  } 


ELEVATION  A-A 


SUMMARY: 

Each  structure  had  beam  ships  designed  such  that  some  would  respond  elastically,  some 
plastically,  and  some  would  be  in  the  intermediate  range.  However,  overpressures  pro¬ 
duced  by  shots  9  and  10  were  not  large  enough  to  produce  stresses  in  the  plastic  range. 
Beam  strips  were  instrumented  to  measure  earth  pressures,  transient  strains,  permanent 
strains,  transient  deflections  and  permanent  deflections.  Since  the  recording  devices 
were  located  very  close  to  ground  zero,  certain  irregularities  existed  in  the  transient 
records.  In  spite  of  the  above  problems,  valuable  information  was  obtained  showing 
no  effective  attenuation  of  a  pressure  pulse  applied  at  the  surface  with  depth  through  the 
subsoil  when  the  pressure  is  transmitted  to  a  structure  in  the  soil. 

The  analyses  of  the  test  data  indicate  the  following  conclusions: 

1 .  In  we  1 1 -compacted  silty  subsoil  of  the  type  at  the  test  site,  there  is  no  effective 
attenuation  of  a  pressure  pulse  applied  at  the  surface  with  depth  through  the  sub¬ 
soil  when  the  pressure  is  transmitted  to  a  structure  in  the  soil.  The  transient,  as 
well  as  the  permanent  strains  and  deformations  of  the  beam  strips,  were  of  about 
the  same  order  of  magnitude  at  all  three  depths  and  showed  only  a  slight  decrease 
for  the  8  feet  depth  compared  with  the  others.  This  indicates  that  for  deflections 
of  less  than  0.5  percent  of  the  span  and  for  depths  of  cover  less  than  the  span  length 
the  dynamic  "arching"  phenomenon  is  negligible;  and  the  beneficial  effect  of 
added  cover  is  primarily  that  due  to  the  added  mass  of  such  a  cover. 

2.  For  underground  structures  having  a  net  density  less  than  that  of  the  displaced  soil, 
the  overall  accelerations  of  the  structure  act  to  reduce  the  influence  of  the  pressures 
applied  to  the  top  of  the  structure .  However,  this  influence  is  not  large,  and  may 
be  neglected  in  design. 

3.  The  lateral  pressures  exerted  on  vertical  faces  of  a  buried  structure,  produced  by 
pressures  applied  at  the  top  surface  of  the  soil,  are  of  an  order  of  magnitude  of  15 
percent  of  the  vertical  pressures  on  the  surface  for  well  compacted  silty  soils  of 
the  type  at  the  test  site. 

4.  The  pressures  exerted  upward  on  the  base  or  floor  slab  of  buried  structures  are 

very  nearly  of  the  same  magnitude  as  the  downward  pressures  on  the  ground  surface. 

OTHER  REMARKS:  (  See  Operation  Plumbbcb,  Project  3.4  ) 

SUBSEQUENT  TESTING: 

Structural  elements  with  certain  modifications  were  included  in  the  following  projects: 

Operation  Teapot,  Project  3.4  (  WT-1 127  )  (See  text  page  91 .) 

Operation  Plumbbob,  Project  3.4  (  WT-1423  )  (See  text  page  132.) 


OPERATION:  Upshot-Knothole 

PROJECT:  3.13 

STRUCTURE  IDENTIFICATION:  3.13o 

CROSS  REFERENCE  INDEX: 

EARTH-COVERED  AND  SEMI-BURIED  CONCRETE  —  Semi -Buried 
Precast  Concrete  Shelter  (  Gable  ) 

REPORT  REFERENCES: 

WT -729 

Defence  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Frenchman's  Flat 

Nevada  Test  Site 

OBJECTIVES: 

To  evaluate  the  effectiveness  of  earth  cover  against  air  blast  in  protecting  above  ground 
buildings;  and  to  develop  an  analytical  method  for  predicting  their  response. 

STRUCTURAL  DESCRIPTION: 

The  structure  was  a  100-person  precast  concrete  shelter  developed  by  the  Bureau  of 
Yards  and  Docks.  The  inside  plan  dimensions  were  22  feet  by  48  feet,  and  the  interior 
was  sub-divided  into  three  main  sections  by  two  precast  concrete  partitions. 

STRUCTURAL  DETAILS:  (  See  Page  68) 

SOIL  CHARACTERISTICS: 

No  soil  data  given;  but  soil  at  Frenchman's  Flat  consists  of  silt  with  a  trace  of  clay, 
and  has  a  maximum  dry  density  of  96  to  108  pcf . 

PREVIOUS  TESTING: 

A  similar  structure  was  tested  in  Operation  Greenhouse,  Project  3.2.4a  (  Reference 
WT-23,  WT-24,  WT -91,  WT-117  ) 
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STRUCTURAL  DETAILS: 


SECTION  I -I 


DETAIL  "B 


SHO  i : 


Name: 

Type: 

Yield: 

Height-  of  Burst: 
Date: 


Range: 
TEST  LAYOUT: 


Shot  9 
"Encore  " 
Air 

26.5  KT 
2425  feet 
8  May  1 953 
2780  feet 


ui 
—  o 
a  z 
u  < 
a  tr. 
z 

LJ 

k  O 
X  U-N 
5 


LOADING: 

Shot  9: 

Precursor:  None 

Main  Pulse:  Rise  Time  —  essentially  zero 
Peak  Overpressure  —  10.8  psi 
Duration  —  700  msec 

SUMMARY: 

The  response  of  the  structure  was  completely  elastic  during  Shot  9. 

A  similar  structure  3.13b  was  tested  as  an  uncovered  above  ground  structure  in  Shot 
9.  Neither  3.13a  or  b  was  extensively  damaged.  Subsequently,  the  cover  was  re¬ 
moved  from  3.13a  and  both  structures  were  tested  as  uncovered  above  ground  struc¬ 
tures  in  Shot  10. 

The  primary  mode  of  deflection  of  3.13a,  Shot  9,  appeared  to  be  crown  down, 
haunches  out.  Small  cracks  were  observed  In  the  end  panels  and  the  associated  verti¬ 
cal  beams . 

Transient  measurements  of  pressure,  deflection,  strain,  torque  and  shear  were  made  to 
determine  the  loading  and  response  of  the  structure. 


SUBSEQUENT  TESTING: 

Operation  Upshot-Knothole,  Project  3.13b  —  Same  structure  with  earth  cover  re¬ 
moved  (  WT-729  ). 
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OPERATION:  Upshot-Knothole 


PROJECT:  3.15 

STRUCTURE  IDENTIFICATION:  3.15 

CROSS  REFERENCE  INDEX: 

EARTH-COVERED  AND  SEMI-BURIED  STEEL  —  Earth-Covered 
Corrugated  Steel  Arch  Shelter 

REPORT  REFERENCES: 

WT-729 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Frenchman’s  Flat 

Nevada  Test  Site 

OBJECTIVES: 

To  evaluate  the  effectiveness  of  earth  cover  against  air  blast  in  protecting  above¬ 
ground  buildings  and  to  develop  an  analytical  method  of  predicting  their  response. 

STRUCTURAL  DESCRIPTION. 

The  structure  was  a  25  feet  by  48  feet  steel  arch  personnel  shelter  manufactured  by  the 
Armco  Drainage  and  Metal  Products,  Inc.  The  barrel  of  the  structure  was  an  Armco 
Multi-Plate  arch  composed  of  10  gage  curved  corrugated  and  punched  sheets  that  were 
bolted  together  to  form  a  semi-circular  arch  roof,  the  edges  of  the  arch  being  bolted 
to  a  longitudinal  base  channel. 

The  end  walls  were  constructed  of  3  gage  corrugated  sections.  Entrance  to  the  shelter 
was  provided  by  a  T-shaped,  84  inch,  10  gage  Armco  Multi-Plate  pipe  connected  by 
bolting  to  the  end  wall  or  bulkhead . 

The  foundation  consisted  of  a  1  foot  wide  by  2  feet  deep  wall  footing  of  reinforced 
concrete.  The  shelter  had  no  floor  slab. 
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TEST  LAYOUT: 


LOADING: 

Shot  9: 

Precursor:  None 

Main  Pulse:  Rise  Time  —  essentially  zero 
Peak  Overpressure  —  10.8  psi 
Duration  —  700  msec 

Shot  10: 

Precursor:  Rise  Time  —  essentially  zero 

Overpressure  —  4  psi 
Duration  —  approximately  70  msec 

Main  Pulse:  Rise  Time  —  10  to  20  msec 

Peak  Overpressure  —  8. 1  psi 
Duration  —  400  msec 

SUMMARY: 

Shot  9 

Damage  to  the  entrance  door,  entrance  bulkhead  and  failure  of  the  bulkhead-to-tunnel 
connection  occurred.  The  only  other  visible  damage  to  the  structure  was  a  crack  in  each 
end  wall  foundation  near  the  center  line  of  the  building.  Evidence  from  deflection  gages 
indicates  that  the  windward  foundation  dropped  approximately  1 ,2  inches.  Readings  of  per¬ 
manent  strain  indicate  minor  connection  slippage  resulting  in  slight  contraction  of  the  arch. 
T-shaped  tunnels  appear  effective  in  eliminating  reflected  pressures  on  entrance  doors. 

Shot  10 

Little  detailed  information  is  available  due  to  the  loss  of  deflection  gages.  However,  the 
available  evidence  indicates  that  there  was  one  major  lurch  of  the  building  followed  by  a 
rebound,  after  which  the  oscillations  were  trivial. 

Instrumentation  consisted  of  SR -4  strain  gages  connected  with  an  oscillograph,  BRL 
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deflection  gages,  and  scratch  gages. 

The  steel  in  the  arch  barrel,  with  3  feet  of  earth  cover  over  the  crown,  remained 
within  the  elastic  range  during  both  shots.  The  end  wall  which  contained  no  en¬ 
trance  tunnel  sustained  serious  deflection  and  possibly  represents  the  weakest  com¬ 
ponent  of  the  structure. 

OTHER  REMARKS: 

The  structure,  of  flexible  corrugated  steel,  responded  in  a  manner  whereby  the 
structure  and  supporting  soil  acted  as  a  unit.  Subsequent  testing,  as  indicated 
below,  further  confirmed  the  importance  of  understanding  the  soil  “Structure  inter¬ 
action.  This  steel  arch  building  remained  in  operational  condition,  and,  except 
for  the  door  frame  in  Shot  9,  would  have  provided  satisfactory  protection  to  personnel 
during  these  two  shots.  See  other  remarks  of  Operation  Teapot,  Project  3.6; 
Operation  Plumbbob,  Project  3.3;  and  Operation  Hordtack,  Project  3.2. 

SUBSEQUENT  TESTING: 

None  for  this  structure.  Similar  structures  were  evaluated  in  the  following  projects: 
Operation  Teapot,  Project  3.6  (  WT-1128  )  (See  text  page  95) 

Operation  Plumbbob,  Project  3.3  ( WT-1422  )  (See  text  page  127) 

Operation  Hardtack,  Project  3,2  (  ITR-1626-1  and  1626-2)  (See  text  page  189) 
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OPERATION:  Upshot-Knothole 


PROJECT:  21 . 1 

STRUCTURE  IDENTIFICATION- 

21. la,  21.1b,  21.1c,  21. Id,  21. le,  21. If,  21. Ig,  21. th 

CROSS  REFERENCE  INDEX: 

BURIED-CONCRETE  —  Reinforced  Concrete  Personnel  Shelters 

REPORT  REFEnENCES: 

WT-801 

Federal  Civil  Defense  Administration 
Washington  25,  D.C. 

LOCATION:  Yucca  Flat 

Nevada  Test  Site 

OBJECTIVES: 

To  check  the  adequacy  of  eight  outdoor  shelters  against  gamma-radiation  penetration 
and  thermal  and  blast  effects.  Four  indoor  type  shelters  were  also  evaluated  but  are 
not  included  here,  because  data  is  not  applicable  to  underground  structure  tests. 

STRUCTURAL  DESCRIPTION: 

One  of  the  structures  was  a  reinforced  concrete  basement  exit  with  three  feet  of  earth 
fill  over  the  shelter  area.  (  21  Jo  ) 

Three  of  the  structures  were  covered  trench  shelters  constructed  of  concrete  block  with 
a  4  1/2  inch  concrete  slab  for  a  roof.  The  three  structures  were  located  at  various  dis¬ 
tances  from  ground  zero.  Two  of  the  shelters  had  three  feet  of  earth  fill  for  cover, 
and  the  third  was  covered  with  four  and  one-half  feet  of  earth  fill .  (  21 .  lb,  21.1c, 
and  21  . lh  ) 

A  wood  covered  trench  with  three  feet  of  earth  fill  for  cover  and  concrete  block  walls 
was  used  as  one  of  the  shelters.  The  shaft  entrance  to  this  shelter  was  not  closed. 

(21. Id  ) 

One  shelter  consisted  of  a  trench  covered  with  a  4  1/2  inch  concrete  slab  and  three 


ORIGINAL  GRADE 


21.1b,  21.1c,  21, lh  —  Covered  Trench 


■I 


If  —  Block-Wail  Basement  Exit 


SOIL  CHARACTERISTICS: 

No  soil  data  stated;  however,  backfill  was  typical  of  Yucca  Flat  at  the  Nevada  Test 
Site.  The  alluvium  in  Yucca  Flat  varies  in  character  from  clay  and  silt-sized  particles, 
to  cobbles  and  boulders.  The  composition  of  this  materiel  is  chiefly  limestone  and 
volcanic  tuff  with  smaller  amounts  of  other  volcanics,  quartzite,  conglomerate  and 
sandstone.  The  alluvium  is  poorly  consolidated  except  where  the  particles  are  cement¬ 
ed  by  caliche  or  where  beds  of  caliche  exist.  Density  of  the  alluvium  varies  from  1  ,3 
to  1  .8  kilograms  per  filer;  that  is,  88  to  112  pounds  per  cubic  foot. 

PREVIOUS  TESTING: 

Similar  structures  were  tested  in  Operation  Buster-Jangle,  Project  9.1a,  at  the  Nevada 
Test  Site  in  Oc.iober  and  November  1951  .  5ee  WT-359  for  details.  (See  text  page  35) 
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SHOT: 


Nome: 

Type: 

Yield: 

Height  of  Burst: 
Date: 


Shot  I 
'Annie" 

Tower 
16.4  KT 
300  feet 
17  March  1953 


TEST  LAYOUT: 


LOADING: 

range 
(  feet  ) 

overpressure 
(  ) 

21.  la 

Reinforced  Concrete  Basement  Exit 

1230 

23 

21. Ib 

Covered  Trench  (  4'-6"  cover  ) 

1450 

15 

21.1c 

Covered  Trench  (  3‘~0"  cover  ) 

1800 

10 

21.  ih 

Covered  Trench  (  3*-0''  cover  ) 

3500 

not  aval  lab  le 

21  .Id 

Wood  Covered  Trench 

1800 

10 

21.  Ie 

Covered  Trench  With  Closed  Shaft 
Entrance 

1800 

10 

21. If 

Block-Wall  Basement  Exit 

1800 

10 

21. Jg 

Concrete  Pipe  With  Closed  Shaft 
Entrance 

1800 

10 
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SUMMARY: 

The  concrete  roof  slabs  of  the  structures  were  designed  to  resist  a  dynamic  load  with  the 
maximum  midspan  deflection  limited  to  1/30  of  the  span.  However,  since  no  cracking 
occurred  it  was  assumed  that  deflections  were  in  the  elastic  range.  The  roof  joist  on 
the  wood-covered  trench  suffered  no  damage,  but  faulty  construction  caused  failure  of 
one  wall.  The  overpressure  was  approximately  half  of  the  expected  value. 

OTHER  REMARKS: 

Test  data  is  not  sufficient  to  permit  any  valid  conclusions  on  structural  response  to  be 
drawn.  Only  two  shelters  (  21  .le.  Covered  Trench  With  Closed  Shaft  Entrance  and 
21  .lg,  Concrete-Pipe  With  Closed  Shaft  Entrance  )  were  designed  to  prevent  blast 
pressures  from  entering  the  shelter.  The  fact  that  the  other  structures  were  "open" 
and  that  no  internal  transient  pressure  measurements  were  made,  limits  the  value  of 
information  for  structural  dynamics  correlation  purposes. 

NOTE: 

The  letters,  a  through  h,  used  in  this  report  to  reference  the  individual  shelters  do  not 
occur  in  the  original  report,  in  the  report  the  shelters  were  referenced  by  name  only. 
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OPERATION:  Castle 


PROJECT:  Test  Support  Station 

STRUCTURE  IDENTIFICATION:  Station  200 
CROSS  REFERENCE  INDEX: 

TEST  SUPPORT  STATIONS  —  Massive  Reinforced  Concrete  Semi  - 
Buried  Shelter 


This  is  the  same  structure  identified  as  Ivy  200;  consequently,  complete  description 
and  other  data  is  included  under  Operation  Ivy,  Project  200.  (  See  text  page  44) 


82 


OPERATION: 


Castle 


PROJECT:  Test  Support  Station 

STRUCTURE  IDENTIFICATION:  Station  1810.05 
CROSS  REFERENCE  INDEX: 

TEST  SUPPORT  STATIONS  —  Massive  Reinforced  Concrete  Semi- 
Bu  rie  d  Shelter 


This  is  the  same  structure  identified  as  Ivy  520,  consequently  complete  description  and 
other  data  is  included  under  Operation  Ivy,  Project  520.  (See  text  page  55) 
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OPERATION:  Teapot 


PROJECT:  3.3.1 

STRUCTURE  IDENTIFICATION:  3.3.1 

CROSS  REFERENCE  INDEX: 

LOADING-RESPONSE  EXPERIMENTAL  SYSTEMS  ~  Buried  Flexible 
Measuring  Devices 

REPORT  REFERENCES: 

WT-1125 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Area  T-IOa,  Yucca  Flat 

Nevada  Test  Site 

OBJECTIVES: 

To  determine  the  influence  of  certain  parameters  on  the  normal  {  perpendicular  )  loads 
generated  against  a  structure  by  earth-propagated  pulses  resulting  from  underground 
explosions . 

STRUCTURAL  DESCRIPTION: 

Fifteen  flexible  measuring  devices  consisting  of  a  forward  mass,  30  inches  square, 
connected  by  torque  tubes  to  a  relatively  heavy  rear  supporting  mass  were  placed  in 
the  earth  so  that  the  forward  mass  was  normal  to  the  earth  propagated  pulses. 

STRUCTURAL  DETAILS:  (  See  Page  85  ) 

SOIL  CHARACTERISTICS: 

Great  care  was  taken  during  the  back  filling  operation  in  the  field  to  try  to  restore 
the  earth  to  its  undisturbed  condition.  In  backfilling,  the  soil  was  tamped  to  90  per¬ 
cent  optimum  density  between  the  devices  and  the  undisturbed  soii  on  the  sides,  front, 
and  back,  which  was  about  2  feet  all  around.  Wood,  concrete,  and  vegetable  matter 
were  screened  from  the  soil  and  precautions  were  taken  by  constant  supervision  in  back¬ 
filling  to  see  that  no  dust  or  rocks  were  able  to  jam  the  devices. 


STRUCTURAL  DETAILS: 


ELEVATION  OF  ASSEMBLED  S,  K,  M  DEVICES 


PREVIOUS  TESTING:  None 


SHOT: 


Name: 

Type: 

Yield: 

Depth  of  Burst: 
Date: 


TEST  LAYOUT: 


Shot  7 
ESS 

Underground 
1  .1  KT 
67  feet 

23  March  1955 


I  REFERENCE  POINT 


R  =  300 


GZ 


a  FMD  10 
0  FEG  2 
c====»  FMD 


/A  «=3  FMD  12 
I  C5FMDJ3* 

^  FMD  14 
'■■=5  FMD  15 
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300'  TO  REFERENCE  POINT 


WELL  COMPACTED  BACKFILL- 


SECTION  A-A 


GROUND  LINE 

!W* - 


EARTH  AROUND  DEVICE 
WAS  HAND  TAMPED  TO 
90%  OPTIMUM  DENSITY 


DEVICE¬ 


LOADING: 

Shot  7: 

Peak  pressure:  Varied  from  102  psi  to  5.3  psi  as  recorded  by  pressure  gages 
mounted  on  the  front  of  the  15  flexible  devices 
Duration:  Varied  from  685  msec,  to  400  msec. 

SUMMARY: 

Conclusions  drawn  were  that  the  wide  variation  in  peak  gage  pressures,  at  comparable 
distances,  seems  to  indicate  a  considerable  variation  in  the  physical  phenomenon  be¬ 
tween  points,  even  when  the  points  are  relatively  close  together.  This  seems  to  be 
supported  by  all  pressure  data  obtained  from  the  shpt  fired  for  this  experiment  as  well 
as  pressure  data  obtained  from  all  previous  shots,  regardless  of  type.  Consequently, 
it  is  concluded  that  an  individual  measurement  on  a  small  portion  of  any  area  probably 
will  not  give  proper  loading  functions  for  that  area. 


SUBSEQUENT  TESTING: 


None 


OPERATION: 


Teapot 
PROJECT:  3.3.2 

STRUCTURE  IDENTIFICATION:  3.3.2 
CROSS  REFERENCE  INDEX: 

MISCELLANEOUS  STRUCTURES  —  Buried  Reinforced  Concrete  Box 
(  Open  Top  ) 

REPORT  REFERENCES: 

WT-1126 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Area  T-lOa,  YuccoFlat 

Nevada  Test  Site 

OBJECTIVES: 

(  I  )  To  obtain  data  on  the  effect  of  a  large-scale  underground  explosion  of  a  nuclear 
device  on  buried  structures;  {  2  )  to  use  these  data  to  develop  design  criteria  for  under¬ 
ground  structures;  and  (  3  )  to  correlate  the  results  with  previous  test  results  obtained 
both  with  relatively  small  high -explosive  charges  (  primarily  at  Dugway,  Utah  )  and 
with  results  obtained  from  the  Jangle  underground  atomic  shot, 

STRUCTURAL  DESCRIPTION: 

The  two  boxes  were  a  modified  version  of  the  0.5-scale  Type  A  box  tested  at  Dugway, 
Utah;  and  were  located  at  horizontal  distances  of  200  to  250  feet  from  ground  zero. 

The  near  box  was  designated  3.3.2  al;  and  the  far  box,  3.3.2  a2.  Each  box  consisted 
of  four  vertical,  reinforced  concrete  walls,  without  roof  or  floor;  and  was  cast  in  place 
in  an  open  cut  and  was  backfilled  subsequently  so  that  its  top  was  3  feet  9  inches  below 
the  original  ground  level. 

The  outside  dimensions  of  the  boxes  were  12  feet  6  inches  square  by  8  feet  10  inches 
high.  The  front  and  rear  walls  were  24  inches  thick,  while  the  side  walls  were  12  1/2 
inches  thick.  The  walls  were  reinforced  with  both  tension  and  compression  steel.  For 
the  main  steel  in  the  front  and  rear  wails,  the  ratio  of  the  area  of  the  steel  to  the  area 
of  the  concrete  was  0,6  percent  for  both  tension  and  compression  reinforcement. 
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STRUCTURAL  DETAILS 


SECTION  A-A 


SOIL  CHARACTERISTICS: 

The  excavation  for  these  structures  was  made  in  a  manner  that  the  soil  around  the  struc¬ 
tures  would  be  disturbed  a  minimum  amount.  That  is,  the  cut  was  made  as  small  as 
possible;  and  it  had  nearly  vertical  sides.  The  base  of  each  structure  was  placed  on 
undisturbed  soi  I . 

The  excavated  material  was  used  in  the  backfill .  This  material  was  dampened  and  was 
placed  in  the  cut  in  approximately  6  inch  layers.  Hand  pneumatic  tampers  were  used 
to  compact  each  layer. 

No  rigid  controls  were  used  in  placing  the  backfill,  because  it  is  believed  that  the 
heterogeneous  character  of  the  soil  did  not  warrant  it.  The  soil  is  naturally  hetero¬ 
geneous,  and  this  condition  was  compounded  by  excavation  and  construction  performed 
during  Operation  Jangle. 

Despite  the  lack  of  rigid  control,  it  generally  is  believed  that  the  density  of  the  back¬ 
fill  was  considerably  greater  than  the  density  of  the  surrounding  soil.  During  the  post¬ 
test  surveys,  it  was  intended  that  standard  penetration  tests  be  made  in  the  backfill 
and  in  the  surrounding  soil  to  determine  relative  densities.  However,  it  was  impossible 
to  make  these  tests  because  of  the  rocky  nature  of  the  soil  and  its  degree  of  compaction. 

PREVIOUS  TESTING:  None 

However,  related  structures  were  included  in  Operation  Buster-Jr  ,  '■»,  Project  3.2 
(  WT-387  )  (See  text  page  16) 

SHOl :  Shot  7 

Name:  ESS 

Type:  Underground 

Yield:  1.1  KT 

Depth  of  Burst:  67  feet 

Date:  23  March  1955 

TEST  LAYOUT: 


/ 
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LOADING: 


measured 

predicted 

location 

peak 

peak 

units 

Structure  Acceleration 

3.3.2  al 

Front  Wall 

4.3° 

190 

9 

Rear  Wall 

6.4a 

95 

9 

Side  Wall 

7.2b 

11.5 

g 

Structure  Acceleration 

3.3.2  a2 

Front  Wall 

1.7° 

60 

g 

Rear  Wall 

3.3a 

30 

g 

Side  Wall 

1  > 

2.5 

g 

Structure  Pressure  Gage 

3.3,2  al 

Front  Wall 

33.0 

510 

psi 

Rear  Wall 

42.0 

250 

psi 

3.3.2  a2 

Front  Wali 

53.0 

165 

psi 

Front  Wall 

50.0 

165 

psi 

Rear  Wall 

30.0 

30 

psi 

Side  Wall 

18.0 

55 

psi 

°  The  electronic  record  had  a  very  small  amplitude  trace.  Because  of  this,  the  values 
are  not  reliable. 

b  Acceleration  is  radial  from  ground  zero. 

SUMMARY: 

The  crater  formed  by  the  explosion  was  unexpectedly  small,  being  146  feet  in  radius,  so 
that  the  two  structures  were  approximately  50  and  100  feet  from  the  edge  of  the  crater. 

The  pressure  measured  on  the  front  wail  of  the  structure  at  the  200  foot  range  was  approx¬ 
imately  one-fourth  of  the  stress  of  125  psi  in  the  medium;  while  the  pressure  measured  on 
the  front  wall  of  the  structure  at  the  250  foot  range  was  slightly  greater  than  the  medium 
stress  of  41  .5  psi .  The  structures  responded  primarily  as  rigid  bodies  and  followed  the 
soil  motion;  consequently  there  was  no  structural  damage .  The  permanent  movements 
of  the  boxes  were  3.8  feet  and  0.5  foot,  horizontally,  away  from  the  point  of  buist. 

It  is  concluded  that  buried  structures  of  the  type  tested  are  difficult  to  damage  structurally, 
unless  located  within  or  close  to  the  edge  of  the  crater  and  that,  for  structures  outside  of 
the  crater,  problems  created  by  large  earth  movements  and  fhrowout  might  be  critical  for 
structures  relatively  close  to  the  edge  of  the  crater. 

SUBSEQUENT  TESTING:  None 
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OPERATION:  Teapot 


PROJECT:  3.4 

STRUCTURE  IDENTIFICATION:  3.4  a,  3.4  b,  3.4  c 
CROSS  REFERENCE  INDEX: 

LOADING  RESPONSE  EXPERIMENTAL  SYSTEMS  —  Burled  Steel 
Beam  Response  Elements 

REPORT  REFERENCES: 

WT-1127 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Frenchman's  Flat 

Nevada  Test  Site 

OBJECTIVES: 

To  determine  the  nature  of  forces  transmitted  through  earth  to  buried  structures  from  the 
explosion  in  air  of  an  atomic  bomb;  and  to  determine  the  variation  of  these  forces  with 
the  depth  of  transmission  through  earth  and  with  the  flexibility  of  the  structural  elements 
subjected  to  these  forces. 

STRUCTURAL  DESCRIPTION: 

Three  structures  (3.4  a,  3.4  b,  arid  3.4  c)  composed  of  concrete  boxes  with  8  feet 
long  simply  supported  steel  beam  strips  as  roofs  (  the  beam  strips  for  each  of  the  structures 
include  members  of  each  of  three  different  degrees  of  flexibility  );  the  earth  cover  was 
1  foot,  4  feet,  and  8  feet,  respectively.  Three  of  the  plastic  or  "P  Beams"  in  each  of 
the  structures  were  altered  from  those  tested  in  Operation  Upshot-Knothole  as  shown  in 
Structural  Details. 

STRUCTURAL  DETAILS:  (  See  Page  92  ) 

SOIL  CHARACTERISTICS: 

Tan  silt  with  a  trace  of  clay.  In  its  natural  state  the  soil  is  very  friable.  It  Is  hori¬ 
zontally  stratified,  has  vertical  joints  which  are  local  zones  of  weakness,  and  contains 
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many  voids.  Limited  tests  of  the  undisturbed  soil  in  this  area,  prior  to  the  Upshot- 
Knothole  tests,  gave  values  of  86.6  pcf  for  the  dry  density,  10.6  percent  for  the  water 
content,  and  95.5  pcf  for  the  wet  density.  The  unconfined  compressive  strength  deter¬ 
mined  on  three  samples  gave  results  of  1.1,  2.1  and  4.3  tons  per  square  feet. 


TYPICAL  ELEVATION 


1  -  23  1/4  *  1/2  PI.  t  -  20  1/4  x  1/2  PI. 

2  -  15  I  50  2  -  8  1 23 


E  BEAM 


I  -  211/4  x  1/2  PI. 
4  -  7  C  9.8 


P  BEAM 


SECTIONS 


I  -  21  1/4  x  1/2  PI. 
4-7C9.8 


MODIFIED  P  BEAM 

(  I  1/2"  REMOVED  FOR  l' 

EACH  SIDE  OF  CENTERLINE) 


PREVIOUS  TESTING:  Operation  Upshot-Knothole,  Project  3.8  (  WT-727  )(pp  63  ) 

In  Upshot-Knothole,  the  structures  were  tested  in  two  shots,  the  first  producing  an  over¬ 
pressure  level  on  the  ground  surface  of  about  15psi;  and  the  second,  about  63  psi  .  In 
the  first  test,  no  damage  or  permanent  deformation  was  expected  or  observed.  In  the 
second  shot,  the  pressures  were  of  about  the  order  of  magnitude  expected  in  the  design; 
and  only  small  permanent  deflections  were  obtained.  One  of  the  main  reasons  that  only 
small  deflections  were  obtained  was  that  one  set  of  beam  strips  (  the  "plastic"  beams 
intended  to  be  considerably  weaker  than  the  others  )  were  fabricated  from  steel  having 
a  considerably  higher  yield  point  than  was  originally  desired.  Therefore  only  two 
different  yield  strengths  existed  rather  than  the  three  that  had  been  planned 


92 


SHOT: 


Shot  12 

Name:  MET 

Type:  Tower 

Yield:  22  KT 

Height  of  Burst:  400  feet 
Date:  15  May  1955 


TEST  LAYOUT: 


ELEVATION  A-A 


LOADING: 

Shot  12: 

Precursor:  Rise  Time  —  essentially  zero 

Overpressure  —  52  psi 
Duration  —  30  msec 

Main  Pulse:  Rise  Time  —  20  msec 

Peak  Overpressure  —  90  psi 
Duration  —  90  to  100  msec 
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SUMMARY: 

Each  structure  had  beam  strips  designed  so  that  some  would  respond  elastically,  some 
plastically,  and  some  would  be  in  the  intermediate  range.  Beam  strips  were  instrumented 
to  measure  transient  deflections,  accelerations,  and  beam  strip  reactions.  Permanent 
strains,  peak  transient  strains,  and  permanent  deflections  were  also  measured  on  the 
beam  strips.  Transient  air  pressures  were  measured  at  the  ground  surface.  Results  ob¬ 
tained  indicate  that  the  design  of  roofs  for  shallowly  buried  shelters  should  be  based 
on  the  overpressures  at  the  ground  surface  when  the  depth  of  cover  is  no  greater  than  the 
roof  span  or  when  the  structure  is  capable  of  moving  with  the  surrounding  media. 

OTHER  REMARKS: 

The  analysis  of  the  test  data  showed  that,  with  respect  to  their  behavior,  the  beams 
could  be  divided  into  two  general  groups.  The  response  of  all  of  the  beams  tested  in 
Upshot-Knothole,  the  beams  in  the  shallowest  structure,  and  all  of  the  elastic  beams 
tested  in  Teapot  indicated  that  there  was  no  attenuation  of  pressure  with  depth.  The 
soil  cover  only  added  to  the  mass  of  these  beam  strips.  The  other  group  of  beams  in¬ 
cludes  the  more  flexible  plastic  end  intermediate  beams  tested  in  Teapot  which  were 
buried  at  a  depth  of  cover  greater  than  one-half  the  span  of  the  beams.  The  backfill 
over  these  beams  was  not  disturbed  over  a  two-year  period  so  that  it  had  become  well 
consolidated.  The  response  of  these  beams  was  very  close  to  or  slightly  less  than  the 
deflection  corresponding  to  a  static  loading  equal  to  the  surface  overpressures. 

(  See  Other  Remarks  —  Operation  Plumbbob,  Project  3.4  ) 


SUBSEQUENT  TESTING:  Operation  Plumbbob,  Project  3.4  (  WT-1 423  )  (See  text 
page  132) 


OPERATION;  Teapot 


PROJECT;  3.6 

STRUCTURE  IDENTIFICATION:  3.6 

CROSS  REFERENCE  INDEX: 

EARTH-COVERED  AND  SEMI-BURIED  STEEL  —  Earth -Cove  red 
Corrugated  Steel  Arch  Shelter 

REPORT  REFERENCES: 

WT-1128 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Frenchman’s  Flat 

Nevada  Test  Site 

OBJECTIVES: 

To  determine  the  degree  of  protection  that  earth  cover  offers  to  aboveground  structures; 
and,  particularly,  to  test  the  adequacy  of  on  adaptation  of  a  corrugated  steel  arch 
ammunition  magazine,  similar  to  Upshot-Knothole  Building  3.15,  as  a  personnel  shelter 
were  the  primary  objectives  of  Project  3  6  of  Operation  Teapot.  Both  the  blast  resist¬ 
ance  and  the  radiation  resistance  of  such  structures  were  objectives  of  the  test  Because 
the  structure  Jested  on  Operation  Upshot-Knothole  sustained  no  significant  damage,  it 
was  an  objective  of  the  Teapot  test  to  produce  at  least  incipient  collapse  so  that  the 
capabilities  of  this  design  would  be  bracketed.  The  long-range  objectives  were  to 
extend  the  knowledge  of  the  benefits  of  earth  cover  in  protecting  aboveground  structures 
and  to  obtain  further  insight  into  the  mechanism  of  these  benefits  toward  the  optimum 
design  of  aboveground  shelters 

A  further  supplementary  objective  was  to  compare  the  performance  of  models  with  that 
of  full-scale  structures,  in  order  to  permit  more  economical  design  of  future  tests. 

STRUCTURAL  DESCRIPTION: 

Structure  3.6  was  a  25  feet  by  48  feet  steel  arch  manufactured  by  Armco  Drainage  and 
Metal  Products. 
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Structure  Upshot-Knothole  3.15  was  a  25  feet  by  48  feet  steel  arch  manufactured  by 
Armco  Drainage  and  Metai  Products.  It  was  different  from  Structure  3.6  in  its  details 

Models  No.  1  through  No.  3  were  corrugated  steel,  1/4  scale  models. 

Models  No.  4  through  No.  6  were  corrugated  aluminum,  1/4 scale  models. 


STRUCTURAL  DETAILS: 


SECTION  B-B 


O 


Structure  3  ,6: 

Dimensions  —  25  feet  by  48  feet 

Steel  Plates  —  8  gage  multiplate 

Corrugation  —  nominal  1  3/4  inch  by  6  inches 

Foundation  —  1  foot  wide,  2  feet  deep 

Diameter  of  Arch  —  25  feet 

Diameter  of  Entrance  Tunnel  —  84  inches 

Total  Weight  of  Structure  —  22,000  pounds 

Structure  Upshot-Knothole  3.15.” 

Dimensions  —  25  feet  by  48  feet 
Steel  Plates  —  10  gage  multiplate 
Corrugation  —  2  inches  by  6  inches 
Foundation  —  1  foot  wide,  2  feet  deep 
Diameter  of  Arch  ~  25  feet 
Diameter  of  Entrance  Tunnel  —  84  inches 

Models: 

Dimensions  —  1/4  size  of  structure  3.6 
Steel  —  3  models  were  steel 
Aluminum  —  3  models  were  aluminum 
Corrugation  —  2  5  inches  by  0.5  inches 

SOIL  CHARACTERISTICS: 

Brown  sand,  well-graded  from  very  fine  to  very  coarse:  random  stones  to  5  inches  in 
diameter. 


PREVIOUS  TESTING: 

Structure  Upshot-Knothole  3.15  was  previously  tested  in  Operation  Upshot-Knothole 
Project  3.15  (  WT-729  ).  As  damage  had  been  small,  this  structure  was  available  fo 
retesting  during  Operation  Teapot.  (See  text  page  70) 


SHOT: 


Name: 

Type: 

Yield: 

Height  of  Burst: 
Date: 


Shot  12 

MET 

Tower 

22.0  KT 
400  feet 
15  Apri  I  1 955 


TEST  LAYOUT: 


structure 


range  from  GZ  (  feet  ) 


3.6  1,500 

3.15  (  Upshot-Knothole  )  2,300 

Mode  II  1 , 400 

Model  2  1,500 

Model  3  2,000 

Mode!  4  2,000 

Model  5  2,500 

Model  6  3,  000 


LOADING: 

(  Overpressure  ot  ground  surface  ) 


peak 

dynamic 

structure 

overpressure 

overpressure 

{  psi  ) 

(  PS'  ) 

3.6 

30 

170 

3.15 

11 

30 

Mode  1  1 

35 

200 

Model  2 

30 

180 

Model  3 

19 

64 

Model  4 

19 

64 

Model  5 

9 

14 

Model  6 

8 

2 

SUMMARY: 

The  dynamic  pressures  produced  by  Shot  12  at  the  close-in  ranges  of  most  interest  to 
Project  3.6  were  considerably  larger  than  had  been  predicted.  The  main  structure 
of  Project  3.6  was  collapsed  by  these  forces,  but  there  is  support  for  the  belief  that  it 
would  have  withstood  the  predicted  values  successfully. 

The  performance  of  the  models  was  in  accord  with  predictions.  Of  the  three  steel  models 
which  were  intended  to  collapse  at  the  same  values  of  applied  external  pressure  as  Struc¬ 
ture  3.6,  the  two  at  1,400  feet  and  1,500  feet,  which  received  pressures  similar  to  or 
larger  than  those  applied  to  Structure  3.6,  collapsed..  The  one  at  2,000  feet,  which 
received  roughly  one  third  the  pressure  applied  to  Structure  3.6,  remained  standing. 

Of  the  three  aluminum  models  which  were  expected  to  fail  under  pressures  roughly 
one  quarter  of  those  which  would  produce  failure  in  the  main  building,  the  one  at  2,000 
feet  did  fail.  The  pressure  at  the  structure  was  roughly  twice  that  expected  to  produce 
failure.  Those  at  2,500  feet  and  3,000  feet,  where  the  maximum  pressures  were  less 
than  one  quarter  those  applied  to  Structure  3.6,  experienced  trivial  deflections. 

Structure  Upshot-Knothole  3.15  withstood  forces  of  15  percent  of  those  applied  to 
Structure  3.6,  with  trivial  deflections. 

OTHER  REMARKS: 

The  drag  sensitivity  of  the  earth  configuration  obviously  caused  collapse  of  the  Teapot 
structure . 


SUBSEQUENT  TESTING:  None 

Structures  which  were  similar,  but  with  different  earth  configurations,  were  tested  in 
Operation  Plumbbob,  Project  3.3  (  WT-1422  )  and  Operation  Hardtack,  Project  3.2 
(  ITR-1626  ).  (See  text  pages  127  and  189) 
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OPERATION:  Teapot 
PROJECT:  34.3 

STRUCTURE  IDENTIFICATION:  34.3  al ,  34.3  a2,  34.3  bl ,  34.3  b2 
CROSS  REFERENCE  INDEX: 

BURIED  CONCRETE  —  Reinforced  Concrete  Personnel  Shelters 

REPORT  REFERENCES: 

WT -1161,  WT-1218 

Civil  Effects  Test  Group  Reporr 


LOCATION:  Areas  T-I  and  T-4,  Yucca  Flat 

Nevada  Test  Site 

OBJECTIVES: 

To  evaluate  shelter  designs  proposed  by  the  Federal  Civil  Defense  Administration 
(  FCDA  )  for  protection  against  nuclear  and  thermal  radiation  and  blast  effects. 

STRUCTURAL  DESCRIPTION: 

Fifty  person  shelters  for  industrial  and  civic  use.  Four  reinforced  concrete  buried 
structures  were  tested. 

Two  were  built  for  "Apple  I"  shot  and  two  for  "Apple  II"  shot.  One  of  each  pair  was 
modified  by  a  reinforced-concrete  partition  dividing  the  shelter  into  two  chambers, 
each  12  feet  by  12  feet  by  8  feet.  These  were  tested  with  doors  and  escape  hatches 
open,  but  partially  obstructed,  (  hatches  had  an  air  inlet,  19  inches  in  diameter  for 
"Apple  I";  36  inches  in  diameter  for  "Apple  11"  )  to  meter  air  into  the  chambers  at  a 
rate  satisfactory  to  the  requirements  of  the  biomedical  program  (  Program  -33  ).  The 
room  into  which  the  escape  hatch  entered  was  referred  to  as  the  "s  low-fi  1 1"  room; 
and  the  other,  as  the  "fast-fill"  room.  Three  shelters  were  oriented  with  the  entrance 
toward  ground  zero  and  the  fourth  (  Station  34.3  a2  )  was  rotated  90°  counterclockwise. 
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3-0"  SQ.  OPENING 


SLIDING  DOOR 


SECTION  A-A 


Structure  34.3  bl  and  34.3  b2 
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SOIL  CHARACTERISTICS: 

No  soil  data  stated;  however,  the  backfill  was  typical  ot  Yucca  Flat  at  the  Nevada 
Test  Site.  The  alluvium  in  Yucca  Flat  varies  in  character  from  clay  and  silt-sized 
particles,  to  cobbles  and  boulders.  The  composition  of  this  material  is  chiefly  lime¬ 
stone  and  volcanic  tuff  with  small  amounts  of  other  volcanics,  quartzite,  conglomerate 
and  sandstone  .  The  alluvium  is  poorly  consolidated  except  where  the  particles  ore 
cemented  by  caliche  or  where  beds  of  caliche  exist.  Density  of  the  alluvium  varies 
from  1 .3  to  1  .8  kilograms  per  liter;  that  is,  88  to  112  pounds  per  cubic  foot. 

PREVIOUS  TESTING:  None 

SHOT: 


Name: 

"Apple  1" 

"Apple  11" 

Type: 

Tower 

Tower 

Yield: 

14.2  KT 

28.5  KT 

Height  of  Burst: 

500  feet 

500  feet 

Date: 

29  March  195  '. 

SMc-v  1955 
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LOADING; 

(  Overpressure  of  earth  surface  ) 


structure 

Shot  "Apple  1" 

Shot  "Apple  If 

34.3  al 

47  psi 

— 

34.3  bl 

47  psi 

— 

34.3  a2 

— 

91.9  psi 

34.4  b2 

— 

91.9  psi 

SUMMARY: 

Shot  "Apple  I"  (  Structures  34.3  al  and  34.3  bl  ): 

Neither  shelter  suffered  any  visible  damage.  Appreciable  dirt  and  missiles  littered  the 
stair  wells.  There  was  a  separation  between  the  grout  under  the  steel  plates  that  served 
as  supports  for  a  concrete  sliding  door  and  the  walls  of  the  stair  well  of  the  structural 
shelter . 

The  concrete  sliding  door  was  used  only  on  the  structural  shelter  (  34.3  al  )  and  showed 
no  evidence  of  damage.  The  bars  that  served  to  lock  the  door  ogainst  an  upward  motion 
caused  by  negative  pressures  showed  no  distortion.  The  rubber  mat  between  the  door 
and  the  stair  well  blew  onto  the  steps.  The  Navy  type  door  and  escape  hatch  in  the 
structural  shelter  were  undamaged. 

In  the  biomedical  shelter  (  34.3  bl  ),  however,  differential  pressure  between  the  fast- 
fill  and  slow-fi II  rooms  was  enough  to  distort  the  steel  angle  attaching  the  door  frame 
to  the  1  foot  concrete  partition  wall.  Horizontal  stiffeners  prevented  any  significant 
horizontal  distortion  of  the  door;  but  considerable  vertical  distortion  resulted  from  dis¬ 
placement  of  the  door  frame. 

Blast  force  distorted  the  vents,  leaving  them  bent  away  from  ground  zero  at  an  angle 
of  30°. 

Shot  "Apple  II"  (  Structures  34.3  a2  and  34.3  b2  ): 

Again,  neither  shelter  suffered  structural  damage  at  the  peak  incident  pressure  of  92  psi, 
but  dirt  and  missiles  littered  the  stair  wells.  The  blast  tore  off  the  vent  tee  at  the  junc¬ 
tion  of  the  tee  and  the  vertical  pipe. 

Station  34.3  a2:  The  Army  Chemical  Corps  ventilation  equipment  suffered  no  discernible 
damage.  The  failure  of  one  of  the  rebound  bolts  from  shearing  of  the  thread  indicates 
that  these  bolts  were  loaded  to  the  limit  of  their  capacity  at  the  test  pressure.  An  in¬ 
crease  in  bolt  diameter,  and  therefore  thread  capacity,  would  supply  a  reserve  strength 
to  the  rebound  connection. 

Two  wheels  of  'he  sliding  door  were  destroyed  by  missiles,  and  the  rubber  door  bumper 
blew  into  the  stair  v/ell  .  Destruction  of  the  wheels  can  be  prevented  by  widening  the 
door  slab  to  provide  a  protective  lip  for  the  wheels.  Despite  the  loss  of  the  wheels, 
the  door  could  hove  been  jacked  open  from  the  inside.  The  retaining  wall  around  the 
concrete  door  was  damaged. 

i  04 


Station  34.3  b2:  Because  of  the  larger  opening  (  36  inches  instead  of  19  Inches  )  in 
the  slow-fill  escape  hatch,  the  peak  unbalanced  pressure  between  the  rooms  in  the 
biomedical  shelter  was  proportionately  less  than  in  the  "Apple  I"  shelter,  and  the 
reinforced  door  frames  in  the  partition  wall  sustained  no  plastic  deformation  from 
this  unbalanced  pressure. 

Based  on  tree-soil  accelerations  in  earlier  tests,  a  maximum  veeticcl  acceleration  of 
25  g  had  been  expected,  but  the  measured  vertical  acceleration  had  a  maximum  posi¬ 
tive  (downward)  acceleration  of  only  3.7  g. 

SUBSEQUENT  TESTING:  None 
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OPERATION: 


Redwing 

PROJECT:  Test  Support  Station 

STRUCTURE  IDENTIFICATION:  Station  1 31 1  .04 

CROSS  REFERENCE  INDEX: 

TEST  SUPPORT  STATIONS  —  Massive  Reinforced  Concrete 
Semi-Buried  Shelter 

REPORT  REFERENCES: 

WT-1631 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Yvonne  (  Runit  ) 

Eniwetok  Proving  Grounds 

OBJECTIVES:  (  Non-experimental  structure  ) 

Structure  used  for  test  support  purposes,  thus  only  visual  post  shot  inspections  were 
made . 

STRUCTURAL  DESCRIPTION: 

A  massive  reinforced  concrete  detector  station  mounded  with  5  feet  of  earth  cover. 
STRUCTURAL  DETAILS:  f  See  Page  107  ) 

SOIL  CHARACTERISTICS: 

Coral  sand.  Fine  to  coarse  sand  with  some  fine  gravel . 

PREVIOUS  TESTING:  None 

SHOT: 


Name: 

"LaCrosse" 

Type: 

Surface 

Yield: 

39  KT 

Height  of  Bursi: 

Surface 

Date: 

4  May  1956 
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OPERATION:  Redwing 

PROJECT:  Test  Support  Station 

STRUCTURE  IDENTIFICATION:  Station  1611 
CROSS  REFERENCE  INDEX: 

TEST  SUPPORT  STATIONS  —  Massive  Reinforced  Concrete  Semi- 
Buried  Shelter 


This  is  the  same  structure  identified  as  Ivy  200;  consequently,  complete  description 
and  other  data  is  included  under  Operation  Ivy,  Project  200.  (See  text  page  44) 


OPERATION: 


Plumbbob 


PROJECT:  1 .7 

STRUCTURE  IDENTIFICATION:  1.7 

CROSS  REFERENCE  INDEX: 

LOADING-RESPONSE  EXPERIMENTAL  SYSTEMS  —  Buried  Response 
Cylinders  (  Drums  with  Flexible  Diaphragms  ) 

REPORT  REFERENCES: 

ITR-1406 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Frenchman's  Flat 

Nevada  Test  Site 

OBJECTIVES: 

To  study  the  factors  affecting  the  transmission  of  air-b last-induced  pressures  in  soil  and 
the  loadings  produced  on  buried  structures  by  pressures  In  the  50  to  300  psi  region. 
Specifically,  to  study,  extensively,  (  1  )  the  attenuation  of  pressure  in  a  sand  deposit 
when  the  water  table  is  a  few  feet  below  the  ground  surface;  (  2  }  the  effect  of  duration 
of  positive  phase  of  blast  on  the  pressure  transmitted  through  such  a  soil;  (  3  )  the  effect 
of  structure  flexibility  on  the  pressure  acting  on  structures  buried  in  such  a  soil;  and 
(  4  )  the  relationship  between  horizontal  and  vertical  pressures  in  such  a  soil. 

STRUCTURAL  DESCRIPTION: 

Sixty-eight  devices  composed  of  rigid  cylinders  (  drums  )  with  deformable  diaphragm 
ends  of  five  different  thicknesses.  These  were  buried  at  depths  ranging  from  zero  to 
twenty  feet.  Thirty-eight  were  placed  at  the  100  psi  location,  fifteen  at  320  psi,  and 
fifteen  at  the  50  psi  location.  Most  of  the  drums  had  a  vertical  orientation,  but  a  few 
had  other  orientations.  The  double  ended  drums  were  two  feet  in  diameter  and  two  feet 
in  length . 
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STRUCTURAL  DETAILS: 


=a=l 

11 

3-4- 

y 

A2.-5 

r  N 

1 

TACK 

1 

I 

1 

*  - 

WELDS 

_ 

r 

j — 

: — - - 

- - — 

SECTION  A- 

A 

STIFFENER 

1  HOLE  Diom.  DRILLED  AND  TAPPED 
2“  FROM  ONE  END  OF  DRUM 

16  HOLES  Diom.  DRILLED  EACH 

END  OF  DRUM 

STIFFENER 

2  HOLES  •£'  Dlom.  DRILLED  AND  TAPPED 
2"  FROM  SAME  END  OF  DRUM  AS  -jr”  HOLE 

CLAMPING  RING  24"  O.D.  x  l"  x  Ifl"  I.D. 

SPECIAL  MACHINING  ONE  FACE 

•THICKNESS  OF  DIAPHRAGM  VARIES  (•••  T«1  Loyool) 

l"  BOLTS 

■FLANGE  PLATES  23^'  O.D.  x  l”  x  IS’*  I.O. 

SPECIAL  MACHINING  ONE  FACE 


ORUM  WALL  ROLLED  FROM  24“  x  ^  PI. 

TO  I'-lt^'lO.  CYLINDER  AND  BUTT  WELDEC 

STIFFENERS  -  2^"  »  |  x  |W  PI  8  REO'D 


-16  -  I  BOLTS 


SOIL  CHARACTERISTICS: 

The  soil  of  Frenchman's  Flat  is  a  tan  silt  with  a  trace  of  clay  which,  in  its  natural  state, 
is  very  friable.  The  natural  soil  has  a  well -developed  system  of  both  horizontal  and 
vertical  joints.  When  water  is  added  to  the  backfill  material,  a  considerable  amount 
of  mixing  is  required  to  obtain  a  uniform  moisture  content. 


The  soils  specifications  were  drawn  up  so  that  the  modulus  of  deformation  of  the  com¬ 
pacted  backfill  would  approximate,  as  closely  as  possible,  that  of  the  natural  soil  in 
place.  To  accomplish  this,  the  water  content  specified  was  3  per  cent  dry  of  optimum 
and  100  per  cent  compaction. 

PREVIOUS  TESTING:  None 


SHOT: 


Name: 

Type: 

Yield: 

Height  of  Burst: 
Da  te: 


"Priscilla" 
Balloon 
36.6  KT 
700  feet 
24  June  1957 


TEST  LAYOUT:  (See  text  pages  113,  114,  113) 

LOADING: 


distance  from 

peak  surface 

G2  (feet) 

overpressure  (psi) 

Near  Location 

750 

320 

Intermediate  Location 

1040 

100 

Far  Location 

1360 

50 

SUMMARY: 

For  a  silty  soil  such  as  that  found  at  Frenchman's  Flat,  there  is  considerable  attenuation 
with  depth  of  an  air-induced  ground -transmitted  pressure.  The  amount  of  this  attenua¬ 
tion  is  approximately  20  per  cent  at  5  feet,  40  per  cent  at  10  feet  and  70  per  cent  at 
20  feet.  There  is  no  large  variation  of  this  with  surface  peak  overpressure  in  the  range 
of  from  50  to  250  psi . 

When  the  compressibility  of  a  structure  is  greater  than  that  of  the  soil  it  replaces,  the 
pressure  on  the  structure  is  considerably  less  than  that  in  the  soil  surrounding  the  struc¬ 
ture.  This  decrease  can  amount  to  at  least  50  per  cent.  Most  of  this  decrease  is 
developed  in  a  depth  of  burial  equal  to  one-half  of  the  span  of  the  structure. 

On  the  basis  of  limited  data,  the  pressure  on  vertical  faces  of  flexible  structures  varies 
from  0.25  to  0.53  of  the  pressure  on  the  horizontal  faces. 


It  is  recommended  that,  since  the  simple  theory  used  gives  reasonable  results,  further 
analytical  studies  be  made  to  eliminate  sc  .  >f  the  approximations  and  extend  the  theory 
to  include  actual  structural  configurations. 

SUBSEQUENT  TESTING: 

Operation  Hardtack,  Project  1.9  (WT  1614)  (See  text  page  189) 
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Site  Plan  of  Intermediate  Location  (  100 


OPERATION: 


Plumbbob 


PROJECT:  3.1 

STRUCTURE  IDENTIFICATION:  3.1a,  3.1b,  3.1c,  3. In 
CROSS  REFERENCE  INDEX: 

BURIED  CONCRETE  —  Reinforced  Concrete  Arch  Structures 

REPORT  REFERENCES: 

WT-1420 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Frenchman's  Flat 

Nevada  Test  Site 

OBJECTIVES: 

To  determine  the  suitability  of  underground  concrete  arches  for  use  as  protective  shelters, 
as  well  as  their  resistance  in  the  high  overpressure  ranges  (  50  to  200  psi  )  from  a  kiloton- 
range  air  burst . 

Specifically  to:  (1)  compare  the  response  of  four  underground  concrete-arch  structures 

when  subjected  to  controlled  loading,  ranging  from  design  load  through  failure  load; 

(21  determine  the  load  distribution  on  a  buried  arch  due  to  a  nuclear  blast;  (3)  gain 
a  better  understanding  of  the  basic  response  of  that  portion  of  the  arch  element  which  is 
in  no  way  affected  by  restraint  or  support  from  the  end  walls;  (4)  determine  to  what 
extent  the  end  walls  of  an  underground  arch  affect  its  response;  (5)  study  the  interaction 
of  the  soil  and  the  structure  In  order  to  establish  an  idealized  soi  I  -structure  system  that 
can  be  adapted  to  analytical  treatment;  (6)  determine  the  amount  of  protection  from 
radiation  provided  by  the  structure;  and  (7)  gain  Information  of  direct  use  in  establish¬ 
ing  design  criteria  for  a  prototype  cast-in-place  concrete  personnel  shelter. 

STRUCTURAL  DESCRIPTION: 

Four  reinforced  concrete  arch  structures,  all  placed  underground  with  the  top  of  the 
crown  4  feet  below  the  ground  surface.  The  four  arches  were  semicircular  in  cross 
section,  with  an  inside  radius  of  8  feet  and  a  thickness  of  8  inches.  Three  of  the 
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structures  were  20  feet  long,  while  the  fourth  was  32  feet  long.  The  32  foot  long  struc* 
turc  was  included  to  assure  on  unrestrained  section  of  arch  essentially  free  of  end-wail 
effects,  so  that  it  could  be  determined  how  far  and  to  what  extent  end  walls  affect  arch 
action . 

STRUCTURAL  DETAILS: 


FLOOR  PLAN 


20'“0"  (  STRUCTURES  3.1a,  b.Sc) 


32-0  (STRUCTURE  3.1  n) 

I  _ 


ar-ef’  U1  ioH 


SECTION  B-B 


SOIL  CHARACTERISTICS: 

Clayey  silt  with  uniform  appearance  and  texture,  with  the  following  characteristics: 


average  water 

average  dry 

content  (  pet  ) 

density  (  pcf  ) 

Undisturbed  Natural  Soil 

12.8 

79.0 

Recommended  for  Backfill 

21.5 

97.1 

Control  Tests  during  Backfill* 

20.7 

96.7 

Preshot,  4  feet  below 

Surface  of  Backfill 

19.2 

99.9 

Postshot,  4  feet  below 

18.5 

99.2 

Surface  of  Backfill 


*  Average  of  40  samples  per  structure 
PREVIOUS  TESTING:  None 


SHOT: 


Name: 

"Priscilla" 

Type: 

Bal  loon 

Yield: 

36.6  KT 

Height  of  Burst: 

700  feet 

Date: 

24  June  1957 

TEST  LAYOUT-  (See  Page  11 

) 

LOADING:. 

Peak  Air  Overpressure  at  Ground  Surface 

3.1c 

199  psi 

3.1b 

1 24  psi 

3. In 

56  psi 

1  1  rt 

I  ID 


TEST  LAYOUT: 


SUMMARY: 

The  four  structures  suffered  only  minor  damage,  all  remaining  structurally  serviceable. 
The  structure  at  the  199  psi  pressure  level  exhibited  obvious  cracking  of  the  floor  slab 
and  minor  tension  cracking  of  the  arch  introdos.  Conclusions  reached  include: 

The  3.1 -type  structure  proved  to  be  an  adequate  shelter  for  resisting  air  overpressure 
of  up  to  200  psi;  thereby  showing  that  an  underground  reinforced-concrete  arch  is  an 
excellent  type  structure  for  use  in  providing  protection  against  nuclear-blast  effects. 
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A  reasonable  design  method  for  underground  arches  cannot  be  developed  until  more  is 
known  about  the  dynamic  properties  of  soi  I  -structure  combinations.  These  structures 
were  designed  assuming  uniform  symmetrical  loading.  In  this  case  it  was  observed 
that  the  earth  pressure  distribution  around  the  relatively  stiff  arches  was  non-uniform 
and  slightly  asymmetric,  thus  causing  the  arch  to  undergo  appreciable  bending. 

The  transient  earth  pressures  exerted  on  structures  of  this  type  were  greater  at  some 
points  than  the  ground-surface  air  overpressure.  This  seems  to  be  due  to  a  combina¬ 
tion  of  reflected  and  passive  earth  pressures. 

The  horizontal  earth  pressure  resulting  from  ground -surface  air  overpressure  is 
apparently  greater  than  had  been  previously  anticipated. 

Displacements  of  the  3.1  structures  as  a  whole,  as  well  as  the  relative  deflection  of 
the  crown,  were  minor,  and  directly  proportional  to  the  overpressure.  During  transient 
loading,  a  nearby  test  structure  buried  at  the  same  depth,  moved  at  approximately  the 
same  rote  and  magnitude  as  the  free-field  surrounding  soil. 

The  end  walls  affect  arch  action  for  a  distance  of  about  1  1/2  times  the  arch  radius. 

Strain  gage  measurement  of  the  test  structure  at  the  56  psi  level  yielded  valuable 
information  for  determining  moments  and  thrusts  in  the  arch.  Plane  sections  before 
loading  remained  plane  during  loading.  The  vertical  reactions  at  the  springing  line 
were  approximately  equal  to  the  ground -surface  air  overpressure  times  the  horizontal 
projection  of  the  arch  structure.  The  largest  moments  and  thrusts  occurred  near  the 
springing  line,  and  this  would  be  the  probable  location  of  any  failure  . 

OTHER  REMARKS: 

It  should  be  noted  that  a  better  understanding  of  soil -structure  interaction  is  needed 
not  only  for  flexible  metal  structures,  but  also  for  the  concrete  arch  structures  des¬ 
cribed  above.  Conventional  methods  of  analysis  tend  to  be  particularly  conservative; 
hence,  future  efforts  should  be  directed  to  loading  response  studies  of  this  type  when 
subjected  to  long  duration  overpressures. 

SUBSEQUENT  TESTING:  None 
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OPERATION:  Piumbbcb 


PROJECT:  3.2 

STRUCTURE  IDENTIFICATION: 

3.2a,  3.2b,  3.2c,  3, 2d,  3.2e,  3.2f,  3.2g,  3.2h,  3.2j,  3.2k,  3.21, 
3.2m 

CROSS  REFERENCE  INDEX: 

BURIED  CONCRETE  —  Precast  Concrete  Pipe  Sections  (  3.2e,  3.2j, 
3.21) 

BURIED  STEEL  —  Corrugated  Steel  Pipe  Sections  (  3. 2d,  3.2h  ) 

(  Cattlepass  Sections  — 3.2a,  3.2b,  3.2c,  3.2f,  3.2g,  3.2k,  3.2m) 

REPORT  REFERENCES: 

WT-1421 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Frenchman's  Flat 

Nevada  Test  Site 

OBJECTIVES: 

To  obtair.  the  necessary  information  from  which  to  develop  criteria  for  the  economical 
and  practical  selection  of  standard,  commercially  available  conduit  sections  for  use  as 
shelters  to  protect  personnel  from  the  effects  of  air  blast  and  nuclear  radiation  was  the 
general  purpose  of  this  project. 

The  specific  objectives  were:  (1)  to  make  an  empirical  determination  of  the  degree  of 
protection  to  personnel  afforded  by  steel  and  concrete  conduits  at  various  depths  of 
burial,  when  loaded  in  the  high  pressure  region;  (2)  to  assure  that  Department  of  De¬ 
tense  (  DOD  )  Classes  I  and  II  protection  (  100  psi  and  50  psi,  respectively  )  are  afforded 
by  the  use  of  buried  conduits  of  various  configurations, 

STRUCTURAL  DESCRIPTION: 

Twelve  commercial  conduits  were  buried  at  depths  varying  from  five  feet  to  ten  feet. 
Seven  of  the  conduits  were  of  the  10  gage  corrugated  steel  cattlepass  type;  two 
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conduits  were  10  gage,  S'-O"  diameter  circular  corrugated  steel.  The  remaining  three 
conduits  were  S'-O"  diameter  circular  precast  concrete  pipe,  9"  wall  thickness,  rein¬ 
forced  only  circumferentially  with  2  lines  totaling  0.57  square  inches  per  linear  foot. 


STRUCTURAL  DETAILS: 


SOIL  CHARACTERISTICS: 

Backfill  consisted  of  a  gravelly,  silty,  sandy  soil  with  a  dry  density  of  approximately 
1 17  pcf.  The  average  water  content  was  8.1  percent,  and  the  angle  of  internal  friction 
was  approximately  36  degrees.  The  average  cohesion  was  6.1  psi . 

PREVIOUS  TESTING:  None 

However,  buried  structures  of  this  type  were  tested  as  “open  structures"  as  follows: 
Operation  Buster-Jangle,  Structure  9.1a 
Operation  Buster-Jangle,  Structure  9.1b 


SHOT:  (  See  Page  1?5) 

TEST  LAYOUT:  (  See  Page  125  ) 
LOADING:  Structural  Measurements 


Conduit 

3.2a 

3.2b 

3.2c 

3. 2d 

3.2e 

Station  Number 

9016.01 

9016.04 

9016.03 

9018.01 

9017.01 

Type 

Steel 

cattle- 

pass 

Steel 

cattle- 

pass 

Steel 

cattle- 

pass 

Steel 

circular 

Concrete 

circular 

Nominal  Depth  of 

Earth  Cover  {  feet  ) 

7.5 

10.0 

7.5 

7.5 

7.5 

Peak  Overpressure  at 

Earth  Surface  (  psi  ) 

149 

126 

126 

126 

126 

Positive  Duration  of 
Pressure  Pulse  (  sec  ) 

0.232 

0.206 

0.206 

— 

— 

Peak  Internal 

Pressure  (  psi  ) 

3.7 

* 

2.0 

3.0 

3.0 

Peak  Downward  Accel¬ 
eration  of  Bottom  of 
Conduit  (  g  ) 

8.0 

<5 

<5 

* 

<5 

Maximum  Vertical 
Deflection  from 

Scratch  Gages  (  in  ) 

-16/16* ** 

-17/16 

-14/16** 

-12/16** 

-10/16 

Residual  Vertical 
Deflection  from 

Scratch  Gages  (  in  ) 

-8/16 

-9/16 

-4/16 

-8/16 

-5/16 

Gross  Movement  of 
Conduit  Bottom  Relative 
to  Reference  Point  from 

D  +  9  Days  Survey  (  in  ) 

-5/8 

+  7/8 

-1  1/2 

-5/8 

-1  1/2 

*  Gage  failed  to  record 

**  Incomplete  record 
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3.2f 

3.2g 

3.2h 

3.2} 

3.2k 

3.21 

3.2m 

9016.02 

9016.05 

9018.02 

9017.02 

9016.07 

9017.03 

9016.06 

Steel 

cattle- 

pass 

Steel 

cattle- 

pass 

Steel 

circular 

Concrete 

circular 

Steel 

cattle- 

pass 

Concrete 

circular 

Steel 

cattle- 

pass 

5.0 

7.5 

7.5 

7.5 

7.5 

7.5 

5.0 

126 

100 

100 

100 

60 

60 

60 

— 

0.333 

0.333 

— 

— 

0.361 

— 

3.0 

2.0 

1  .3 

3.0 

1.0 

1.5 

1 .7 

5.0 

5.0 

<5 

<5 

<10 

<10 

<5 

-16/16 

-10/16 

-14/16 

-5/16 

-6/16 

-5/16 

-4/16 

-8/16 

-3/16 

-8/16 

-2/16 

+  1/16 

-1/16 

+  1/16 

+  1/8 

-3/4 

0 

-1  1/4 

-  1 

-  15/8 

-1  1/4 
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SHOT: 


Name: 

Type: 

Yield: 

Height  of  Burst: 
Date: 


"Priscilla" 
Balloon 
36.6  KT 
700  feet 
24  June  1 957 


TEST  LAYOUT: 


SUMMARY: 

Based  on  the  preliminary  date  available,  the  report  concludes  that  all  types  of 
conduit  sections  tested  provided  adequate  100  psi  protection.  The  structures  were 
instrumented  with  scratch  deflection  gages,  self  recording  pressure  versus  time 
gages,  peak  pressure  gages,  dynamic  accelerometers,  and  peak  accelerometers. 
Structural  deflections  were  minor. 

In  addition,  for  the  particular  conditions  of  this  test  and  within  the  accuracy  of 
the  overpressure  measurements,  it  was  observed  that  all  conduits  tested  provided 
adequate  protection  against  nuclear  radiation.  Present  knowledge  does  not  justify 
making  more  general  conclusions. 

OTHER  REMARKS: 

Structures  of  this  type  could  probably  withstand  considerably  greater  overpressures 
under  certain  soil  conditions  and  backfill  techniques.  The  observations  of  this 
project  are  particularly  limited  until  an  appropriate  theory  can  be  developed  for 
the  response  of  flexible  conduit-soil  Interaction  conditions. 

SUBSEQUENT  TESTING:  None 
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OPERATION:  Plumbbob 


PROJECT:  3.3 

STRUCTURE  IDENTIFICATION:  3.3a,  3.3b,  3.3c 

CROSS  REFERENCE  INDEX: 

BURIED  STEEL  —  Corrugated  Steel  Arch  Shelters 

REPORT  REFERENCES: 

WT- 1422 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Frenchman's  Flat 

Nevada  Test  Site 

OBJECTIVES: 

To  determine  protection  from  blast  and  radiation  afforded  by  earth-covered,  prefabrica¬ 
ted  ammunition  storage  magazines  used  as  personnel  shelters. 

STRUCTURAL  DESCRIPTION: 

Three  earth -cove  red,  prefabricated  ammunition  storage  magazines  were  tested.  All 
three  structures  basically  consisted  of  Navy  stock,  25  feet  by  48  feet  ammunition  storage 
magazines  (  10  gage  Armco  multiplate  ).  Two  structures,  3.3a  and  3.3c  contained  6" 
steel  strengthening  ribs. 

STRUCTURAL  DETAILS:  (SeePages  128  and  129) 

SOIL  CHARACTERISTICS: 

Backfill  existed  of  a  gravelly,  silty,  sandy  soil  with  a  dry  density  of  approximately 
115  pcf -  The  average  water  content  was  8.1  percent;  and  the  angle  of  internal 
friction  was  45  degrees.  The  average  cohesion  was  1 .4  psi . 

PREVIOUS  TESTING: 

Similar  structures  with  different  earth  configurations  were  tested  in  Operation  Upshot- 
Knothole  as  Structure  3.15  and  Operation  Teapot  as  Structure  3.6.  (See  text  pages  70 
and  95) 


!  2  7 


«-.«*  I  a  HS* 


STRUCTURAL  DETAILS 

A— 


I 


.AN  OF  STRUCTURE  3.3a 


SHOT; 

Name; 

Type; 

Yie  Id: 

Height-  of  3ursf: 
Dafe: 


"Prisci I  la" 

Bal  loon 
36  6  KT 
700  feet 
21  June  1957 
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TEST  LAYOUT: 


LOADING: 


structure 

3.3a 

3.3c 

3.3  b 

Type  of  structure 

Ribbed 

Ribbed 

Not  ribbed 

Nominal  depth  of  earth  cover  (  feet  } 

5 

5 

5 

Peak  Overpressure  at  earth  surface  (  psi  ) 

100 

60 

60 

Positive  duration  of  pressure  pulse  (  msec  ) 

333 

— 

361 

Dynamic  pressure  {  psi  )* 

310 

200 

200 

Peak  internal  pressure  (  psi  ) 

2.7 

0 

1  .0 

Peak  vertical  acceleration  of  floor  (  g  ) 

<3 

<3 

<3 

*  From  preliminary  composite  dynamic  pressure  curve  for  height  of  3  feet 
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SUMMARY: 

Pielitnlnuty  dciu  indicates  that  the  structural  systems  tested  provided  adequate  50  psi 
protection.  All  structures  provided  adequate  total  protection  against  the  initial  gamma 
and  neutron  radiation  from  a  39,0  KT  relatively  high  neutron  flux  device.  Instrumenta¬ 
tion  consisted  of  scratch  type  deflection  gages,  self-recording  pressure  versus  time 
gages,  peak-pressure  gages,  dynamic  accelerometers,  and  peak  accelerometers.  Radia¬ 
tion  instrumentation  consisted  of  gamma  film  packets,  chemical  dosimeters,  and  neutron 
threshold  devices. 

the  unreinforced  4"  concrete  floor  slab  of  structure  3.3a  exhibited  minor  cracking  as 
shown  in  the  following  plan.  The  footings  were  not  integral  with  the  slab  and  deflected 
downward.  Cracks  appear  to  be  due  to  frictional  drag  of  the  moving  footings. 


CRACK  PATTERN  OF  FLOOR  -  STRUCTURE  i.  3o 


In  addition,  for  the  particular  conditions  of  this  test  and  within  the  accuracy  of  the 
overpressure  measurements,  it  was  observed  that: 

(  1  )  The  steel  arch  structure  without  arch  ribs  withstood  o  peak  overpressure  of  56  psi 
with  no  significant  structural  damage. 

(  2  )  The  steel  arch  structure  with  arch  ribs  withstood  a  peak  overpressure  of  100  psi 
with  minor  joint  slippage  and  floor  cracking. 

(  3  )  All  three  structures  tested  provided  adequate  protection  against  nuclear  radiation. 

SUBSEQUENT  TESTING:  None 

Structures  of  a  similar  type  were  tested  in  Operation  Hardtack,  Project  3.2  ( WT-1626  ). 
(See  text  page  189) 
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OPERATION: 


Plumbbob 


PROJECT:  3.4 

STRUCTURE  IDENTIFICATION:  3.4a,  3.4b,  3.4c 
CROSS  REFERENCE  INDEX: 

LOADING-RESPONSE  EXPERIMENTAL  SYSTEMS  —  Buried  Steel 
Beam  Response  Elements 

REPORT  REFERENCES: 

WT-1423 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Frenchman's  Flat 

Nevada  Test  Site 

OBJECTIVES: 

To  determine  the  blast  response  of  underground  beams  in  order  to  supplement  the  findings 
of  the  original  tests  {  Operation  Upshot-Knothole,  Project  3.8  and  Operation  Teapot, 
Project  3.4  )  with  respect  to  effective  vertical  earth  pressures  and  their  attenuation 
with  depth, 

STRUCTURAL  DESCRIPTION: 

Three  structures,  3.4a,  3.4b,  3.4c  consisted  of  concrete  boxes  with  8  foot  long  simply 
supported  steel  beam  strips  as  roofs.  The  beam  strips  for  each  of  the  structures  included 
members  of  each  of  three  different  degrees  of  flexibility;  earth  cover  was  1  foot,  4  feet, 
and  8  feet  respectively.  Three  of  the  plastic  or  "P  Beams"  in  each  of  the  structures 
were  altered  from  those  tested  in  Operation  Upshot -Knothole  as  shown  in  Structural 
Hetails. 

STRUCTURAL  DETAILS:  (Seepage  133) 

SOIL  CHARACTERISTICS: 

Tan  silt  with  a  trace  of  clay.  In  its  natural  state  the  soil  is  very  friable.  It  is  horizon¬ 
tally  stratified,  has  vertical  joints  which  are  local  zones  of  weakness,  and  contains  many 


voids.  Limited  tests  of  the  undisturbed  soil  in  this  area  prior  to  the  Upshot-Knothcie 
tests  gave  values  of  86.6  pcf  for  the  dry  density,  10.6  percent  for  the  water  content, 
and  95.5  pcf  for  the  wet  density.  The  unconfined  compressive  strength  determined 
on  three  samples  gave  results  of  1.1,  2.1  .  and  4.3  tons  per  square  foot. 

No  additional  soil  data  was  obtained  during  Operation  Plumbbob. 

STRUCTURAL  DETAILS: 


I  -  23  1/4  x  1/2  PL. 
2-15  150 


1  -  20 1/4  x  1/2  PL. 

2  -  0  I  23 


N.A.  ^ 

p - L. 

=r"^ 

to 

CO 

in 

cd 

1=3  cd 

1=3 

M  BEAM 


I  -  21  1/4  x  1/2  PL. 
4-  7C9.8 


I  -  21  1/4  x  1/2  PL. 
4-  7  E  9.8 


P  BEAM 


MODIFIED  P  BEAM 

(  I  1/2"  REMOVED  FOR  l‘ 

EACH  SIDE  OF  CENTERLINE) 


SECTIONS 


PREVIOUS  TESTING: 

Operation  Upshot-Knothole,  Project  3.8  (  WT -727  )  (See  text  page  63) 
Operation  Teapot,  Project  3. 4  (  WT-1 1  27  )  (See  text  page  91 ) 
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Name:  "Priscilla" 

Type:  Balloon 

Yield:  36.6  KT 

Height  of  Burst:  700  feet 
Date:  24  June  1957 

TEST  LAYOUT: 

ASSUMED 


ELEVATION  A-A 


LOADING: 

Shot  5: 

Precursor:  Rise  Time  —  essentially  zero 

Overpressure  —  25  psi 
Duration  —  55  msec 

Main  Pulse:  Rise  Time  —  45  msec 

Peak  Overpressure  —  160  psi 
Duration  —  180  msec 


SUMMARY: 

The  results  of  this  test  were  made  uvaifuble  fa  personnel  engaged  in  the  two  previous 
tests.  It  was  the  concensus  of  opinion  that,  while  the  data  could  well  serve  to  further 
the  findings  of  the  earlier  tests,  this  would  require  extended  analysis.  Such  an  effort 
could  not  be  undertaken  within  the  scope  of  the  present  program;  therefore,  no  quanti¬ 
tative  interpretation  of  results  is  offered.  Certain  qualitative  observations,  however, 
were  clear. 

On  the  basis  of  the  measured  beam  response  there  seemed  to  be  no  doubt  that  In  the 
type  of  soil  encountered,  there  was  a  significant  attenuation  of  effective  vertical  earth 
pressures  within  the  first  few  feet  of  depth.  (  Effective  vertical  earth  pressure  refers 
to  the  damage  producing  agent,  not  to  the  free-field  pressure;  in  other  words,  the  test 
results  show  a  significant  damage  attenuation  with  depth.  )  The  opposite  conclusion 
was  reached  in  the  original  Upshot-Knothole  3.8  test  and  was  apparently  reaffirmed  in 
the  Teapot  3.4  test. 

Another  conclusion  reached  in  earlier  tests  was  that  the  beams  behaved  as  though 
loaded  with  the  vertical  forces  acting  on  the  earth's  surface  immediately  overhead. 

In  view  of  the  significant  variation  in  response  of  presumably  identical  beams  in  the 
same  structure,  it  does  not  seem  reasonable  to  assign  only  a  passive  role  to  the  soil  in 
regard  to  the  transmission  of  vertical  pressure. 

It  is  believed  that  the  Plumbbob  test  was  extremely  worthwhile  and  that  the  data 
gathered  represented  a  significant  addition  to  the  limited  empirical  information  re¬ 
lating  to  the  blast  response  of  underground  structures. 

OTHER  REMARKS: 

The  conclusions  reached  in  earlier  tests  relating  to  the  lack  of  attenuation  with  depth 
of  effective  vertical  earth  pressures  and  the  response  of  the  test  beams  to  these  loads 
need  to  be  re-evaluated  In  light  of  the  Plumbbob  test  data. 

SUBSEQUENT  TESTING:  None 
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OPERATION: 


Plumbbob 


PROJECT:  3.5 

STRUCTURE  IDENTIFICATION:  3.5 

CROSS  REFERENCE  INDEX: 

LOADING -RESPONSE  EXPERIMENTAL  SYSTEMS  —  Burled  Isolated 
Response  Cylinders 

REPORT  REFERENCES: 

WT-1424 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Frenchman's  Flat 

Nevada  Test  Site 

OBJECTIVES: 

The  overall  objective  was  to  make  an  initial  study  of  the  benefit  derived  from  special 
backfills  in  isolating  or  protecting  underground  structures  and  their  contents  from  the 
physical  effects  of  explosions.  The  immediate  objective  was  to  test  the  value  of  two 
specific  forms  of  special  backfill  —  namely,  frangible  elements  and  shear  barriers. 

STRUCTURE  DESCRIPTION: 

For  this  experiment,  two  test  structures  and  one  comparison  structure  were  used.  Each 
test  structure  consisted  of  a  reinforced  concrete  pipe  enclosing  a  steel  cylinder  separated 
from  the  pipe  by  rubber  "O"  rings.  Outside  the  concrete  pipe  was  a  special  frangible 
backfill  (  glass  bottles  )  around  the  sides  and  bottom.  The  comparison  structure  consisted 
only  of  a  concrete  pipe  with  a  solid  concrete  bottom.  Ail  three  structures  were  placed 
below  ground  with  their  axes  vertical  and  their  tops  approximately  2  feet  below  ground 
level,  and  with  a  concrete  slab  1  foot  thick  and  15  feet  wide  above  each.  One  test 
structure  and  the  comparison  structure  were  placed  750  feet  from  ground  zero  (  300  psi 
predicted  peak  overpressure;  229  psi  actual  ).  The  remaining  test  structure  was  placed 
1 ,050  feet  from  ground  zero  (  100  psi  predicted  peak  overpressure;  104  psi  actual  ). 


STRUCTURAL  DETAILS: 
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SOIL  AND  SPECIAL  BACKFILL  CHARACTERISTICS: 

The  excavation  for  these  structures  was  accomplished  by  power  augering.  For  each 
structure  a  hole  was  augered  5  1/2  feet  in  diameter  and  1.5  feet  deep.  The  backfill 
of  dry  sand  was  compacted  by  eccentric  vibrators  commonly  used  in  the  placement  of 
concrete . 

It  was  considered  desirable  that  the  frangible  backfill  should:  (1)  have  a  small  elastic 
compressive  change  of  volume  under  the  static  foundation  loads;  (2)  be  impervicxis  to 
wafer;  and  (3)  fail  and  form  voids  under  the  influence  of  stresses  produced  by  explosions. 

Consideration  of  various  possibilities  led  to  the  conclusion  that  glass  bottles  were  attrac¬ 
tive  from  the  standpoint  of  stiffness,  water  imperviousness,  ond  good  aging  characteristics. 
It  is  further  concluded  that  square  shapes,  with  their  better  characteristics  of  frangibility 
would  be  more  satisfactory  than  round  ones.  Specifically,  it  was  recognized  that  the 
collapse  under  external  pressure  of  square  shapes  was  likely  to  be  both  more  uniform  and 
at  a  lower  value  of  pressure  than  that  of  round  shapes. 

It  was  desired  that  the  frangible  elements  withstand,  without  failure,  pressures  of  the 
order  of  20  psi .  It  was  desirable  to  find  frangible  elements  that  definitely  would  fail 
at  pressures  little  above  the  value  of  20  psi,  since  the  project  would  fail  to  obtain  data 
if  the  frangible  backfill  were  not  broken  by  the  explosion  forces. 

Laboratory  experiments  on  a  wide  range  of  sizes  and  shapes  of  glass  bottles  disclosed  that 
square  gin  bottles  most  closely  fitted  the  desired  specifications.  Quart  gin  bottles  were 
found  to  fail  under  external  pressures  ranging  from  30  to  50  psi,  with  the  major  fraction 
failing  between  25  and  45  psi  .  The  next  strongest  alternatives  tested  were  square  milk 
bottles,  which  failed  at  pressures  of  approximately  65  psi  .  All  bottles  of  smaller  size 
withstood  100  psi  successfully. 

To  avoid  complete  collapse,  the  bottles  were  placed  around  the  side  of  the  structure  so 
that  they  covered  about  53  percent  of  the  area.  Thus,  there  remained  about  47  percent 
of  the  area  in  which  the  sand  backfill  was  initially  in  contact  with  the  structure.  Since 
it  was  expected  that  the  earth  (  motion  )  stresses  and  strains  would  be  first  a  vertical  com¬ 
pression  and  then  a  radial  compression,  it  was  decided  that  the  bottles  should  be  placed 
with  their  axes  horizontal  rather  than  vertical.  With  this  orientation,  the  frangible 
backfill  would  be  expected  to  collapse  at  an  earlier  time  and  under  a  lower  total  stress 
than  with  any  other  orientation. 

The  design  of  the  frangible  backfill  below  the  bottom  of  the  concrete  pipe  and  of  the 
inner  cylinder  required  a  quite  different  approach,  because  the  applied  forces  were 
expected  to  be  of  an  entirely  different  character.  It  was  estimated  that  the  vertical 
motion  of  the  soil  at  the  12  foot  depth,  where  the  bottoms  of  the  structures  were,  would 
be  a  nearly  instantaneous  downward  displacement  of  between  1  and  6  inches.  If  either, 
or  both,  the  frangible  backfill  outside  the  concrete  pipe  and  the  rubber  rollers  between 
the  inner  cylinder  and  the  concrete  pipe  served  as  satisfactory  shear  barriers,  it  was 
expected  that  the  structures  would  remain  essentially  stationary  during  this  downward 
displacement  of  the  soil.  Hence,  the  problem  of  designing  the  frangible  backfill 
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underneath  the  structures  was  primarily  the  problem  of  minimizing  the  upward  accelera¬ 
tion  required  to  reduce  their  velocity  to  zero  at  the  time  they  returned  to  contact  with 
the  soil  that  had  dropped  out  from  under  them. 


Just  as  in  the  case  of  the  frangible  backfill  at  the  sides,  complete  collapse  of  the  bottom 
backfill  was  not  desirable.  For  both  the  inner  cylinder  and  the  outer  concrete  pipe,  the 
the  static  vertical  load  was  carried  by  the  square  bottles.  To  avoid  the  catastrophic 
collapse  when  the  bottles  broke,  styrofoam  columns  were  placed  between  the  bottles. 
Preliminary  tests  showed  that  tapered  columns  (  wedges  )  were  superior  to  straight-sided 
ones;  hence,  tapered  styrofoam  columns  were  placed  between  the  bottles  under  the 
inner  cylinder.  The  weight  of  the  outer  cylinder  (  4,800  pounds  )  required  eight  bottles 
for  support  under  static  conditions,  and  the  remaining  space  was  sufficient  only  for 
straight-sided  styrofoam  columns. 

PREVIOUS  TESTING:  None 


SHOT: 


Name: 

Type: 

Yield: 

Height  of  Burst: 
Date: 


"Priscilla" 

Bal loon 
36.6  KT 
700  feet 
24  June  1957 


TEST  LAYOUT: 


LOADING: 

(  Peak  surface  air  overpressure  ) 

750  foot  range:  229  psi 

1050  foot  range:  104  psi 
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SUMMARY: 

The  conclusions  derived  from  this  experiment  is  that  special  backfills  designed  to  reduce 
the  coupling  between  underground  structures  and  the  surrounding  soil  have  significant 
promise . 

The  following  specific  conclusions  are  drawn: 

(1)  The  peak  downward  acceleration  of  the  outer  part  of  Structure  No.  1  ( test  )  was 
26  percent  of  the  corresponding  free-field  value  at  a  10  foot  depth.  This  is  the  best 
evidence  of  the  value  of  the  frangible  elements  and  sand. 

(2)  The  peak  downward  acceleration  of  the  Inner  part  of  Structure  No.  1  (  test  )  was 
21  percent  of  that  of  the  outer  cylinder.  This  is  the  best  evidence  of  the  value  of 
the  rubber  "O"  rings  as  shear  barriers.  It  suggests  promise  of  lubricant-type  shear 
barriers . 

(3)  The  horizontal  motion  of  the  inner  part  of  Structure  No.  1  (  test  )  was  significantly 
less  than  that  of  the  free  field  at  10  foot  depth  or  of  Structure  No.  2  (  comparison  ). 

Since  both  the  frangible  backfill  and  the  "O"  rings  acted  as  compression  barriers  to 
horizontal  motion,  it  is  not  possible  to  conclude  which  type  of  isolation  gave  the  most 
benefit.  The  motions  were  small,  and  it  may  well  be  that  the  resiliency  of  the  "O" 
rings  was  a  major  factor. 

(4)  The  horizontal  motion  of  Structure  No.  2  (  comparison  )  was  approximately  the 
same  as  that  of  the  free  field  at  a  10  foot  depth. 

(5)  The  peak  downward  acceleration  of  the  cuter  part  of  Structure  No.  3  (  test )  was 
less  than  50  percent  of  the  corresponding  value  at  a  10  foot  depth.  This  describes  the 
value  of  the  frangible  elements  and  sand  for  this  strucfu-e  • 

(6)  The  horizontal  motion  of  the  inner  part  of  Structure  No.  3  (  test  )  showed  important 
departures  from  the  motion  of  the  free  field  10  foot  depth.  These  differences  were 
believed  to  be  due  primarily  to  the  effect  of  the  "O"  rings;  but  the  effect  of  the  frangible 
elements  and  sand  were  also  included,  and  the  two  cannot  be  separated. 

(7)  The  benefits  of  this  specific  arrangement  of  frangible  backfill  and  sand  were  signi¬ 
ficant  at  the  104  psi  overpressure  level,  and  were  more  impressive  at  the  229  psi  level. 

SUBSEQUENT  TESTING:  None 
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OPERATION:  Plumbbob 

PROJECT:  30.2 

STRUCTURE  IDENTIFICATION:  30.2 
CROSS  REFERENCE  INDEX: 

BURIED  CONCRETE  —  Reinforced  Concrete  Parking  Garage-Shelter 

REPORT  REFERENCES: 

ITR-1449 

Civil  Effects  Test  Group  Report 
Available  through  Office  of  Technical  Services 
Department  of  Commerce 
Washington  25,  D.C. 

LOCATION:  Frenchman's  Flat 

Nevada  Test  Site 

OBJECTIVES: 

To  evaluate  the  capabilities  of  a  reinforced  concrete  dual  purpose  underground  parking 
garage  and  personnel  shelter  in  providing  protection  against  the  effects  of  a  nuclear 
weapon . 

STRUCTURAL  DESCRIPTION: 

The  test  section  was  a  below  grade  flat  slab  structure  with  an  interior  floor  area  of 
7569  square  feet  {  87  feet  by  87  feet  )  and  nine  interior  columns  29  feet  on  center. 
Access  was  provided  by  a  14  foot  wide  vehicular  ramp  along  one  side  of  the  structure. 
The  roof  slab  was  3  feet  below  grade  and  the  walls  of  the  structure  were  12  inches 
thick,  except  for  the  exposed  wall  along  the  ramp  which  was  4  feet  6  inches  thick. 

STRUCTURAL  DETAILS:  (SeePage  142) 

SOIL  CHARACTERISTICS: 

The  soil  possessed  a  state  of  high  consolidation  and  a  naturol  prestress  of  10  tsf .  A 
perculiar  characteristic  of  the  soil  was  high  triaxial  stresses  and  small  strains  at  foilure 
as  evidenced  by  laborarory  tests. 

PREVIOUS  TESTING:  None 
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STRUCTURAL  DETAILS: 


ROOF  PLAN 


SHOT: 


Nome: 

Type: 

Yield: 

Height  of  Burst: 
Date: 


"Priscilla" 
Balloon 
36.6  KT 
700  feet 
24  June  1 957 


TEST  LAYOUT: 


N 


LOADING: 

Limited  information  available.  The  peak  incident  overpressure  measured  on  the  earth 
surface  was  42  psi . 

SUMMARY: 

The  test  structure  provided  adequate  protection  against  blast  and  radiation.  The  rise 
in  interior  pressure  did  not  exceed  1  .0  psi  .  The  only  failures  that  occurred  were  the 
end  retaining  wall  near  the  entrance  and  the  pneumatic  seal  around  the  door  frame. 
Instrumentation  consisted  of  Wyancko  pressure  gages,  Carlson  earth  pressure  gages, 
dynamic  pressure  gages,  and  a  self  recording  pressure  gage.  Radiation  measurements 
were  taken  using  film  dosimeters,  gamma  radiation  chemical  dosimeters,  and  one  gamma- 
rate  telemetering  unit. 

OTHER  REMARKS: 

The  flat-slab  roof  and  supporting  structure  are  more  than  adequate  to  resist  the  42  psi 
peak  incident  test  loading. 

The  shear  stresses  used  for  design  were  substantially  in  excess  of  values  recommended  by- 
other  sources  and  were  conservative. 

SUBSEQUENT  TESTING:  None 
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OPERATION:  Plumbbob 

PROJECT:  30.3 

STRUCTURE  IDENTIFICATION:  30.3 

CROSS  REFERENCE  INDEX: 

SEMI-BURIED  CONCRETE  —  Semi-Buried  Reinforced  Concrete 
Family  Shelters 

REPORT  REFERENCES: 

ITR-1450 

Civil  Effects  Test  Group  Report 
Available  through  Office  of  Technical  Services 
Department  of  Commerce 
Washington  25,  D.C. 

LOCATION:  Frenchman's  Flat 

Nevada  Test  Site 

OBJECTIVES: 

To  determine  the  level  of  protection  afforded  by  a  concrete  family  type  shelter;  and 
to  collect  data  to  aid  in  establishing  criteria  for  future  designs. 

STRUCTURAL  DESCRIPTION: 

The  three  structures  were  constructed  of  reinforced  concrete,  and  were  designed  to 
accommodate  six  persons  and  supplies  for  seven  days.  Added  protection  was  gained  by 
mounding  earth  over  the  reinforced  concrete  structures. 

STRUCTURAL  DETAILS:  (  See  Page  14  5) 

SOIL  CHARACTERISTICS: 

Soil  consisted  of  a  dessicatcd  brown  clayey  sili. 

FREVIOUS  TESTING:  None 
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STRUCTURAL  DETAILS 


FLOOR  PLAN 


SECTION  A-A 


5-4* 


T ~ 


£Ff 

Hi”-, 


SHOT: 


Name: 

Type: 

Yield: 

Height  of  Burst: 
Date: 


“Priscilla" 

Ba  1 1  oon 
36.6  KT 
700  feet 
24  June  1957 


TEST  LAYOUT: 

The  ranges  of  the  th.ee  structures  that  were  placed  at  frenchman's  Flat  were  at  over¬ 
pressure  locations  of  65  psi,  48  psi,  and  30  psi . 

LOADING: 

Only  limited  information  available.  Assumed  loadings  for  the  three  structures  are  65  ps 
48  psi,  and  30  psf.  r 

SUMMARY: 

Examination  revealed  tha*  there  was  little  or  no  deflection  in  the  reinforced  concrete 
members.  Permanent  damage  was  confined  to  the  exposed  portions  of  the  ventilation 
pipes,  which  were  bent  to  a  nearly  horizontal  position. 

SUBSEQUENT  TESTING:  None 
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OPERATION:  Plumbbob 

PROJECT:  30.6 

STRUCTURE  IDENTIFICATION:  30.6  11-1 
CROSS  REFERENCE  INDEX: 

BURIED  CONCRETE  —  Reinforced  Concrete  Box  Section  Personnel 
Shelter  (  French  Type  ) 

REPORT  REFERENCES: 

WT-1453 

Civil  Effects  Test  Group  Report 
Available  through  Office  of  Technical  Services 
Department  of  Commerce 
Washington  25,  D.C. 

LOCATION:  Yucco  Flat 

Nevada  Test  Site 

OBJECTIVES: 

Not  available;  however,  it  is  presumed  to  be  the  evaluation  of  personnel  structures 
subjected  to  overpressures  from  atomic  weapons. 

STRUCTURAL  DESCRIPTION: 

French  personnel  shelter  Type  60  —  buried  reinforced  concrete  box  structure,  2  feet 
thick  in  floor,  walls,  and  roof. 


STRUCTURAL  DETAILS: 
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SOIL  CHARACTERISTICS: 

No  soil  data  stated;  however,  backfill  was  typical  of  Yucca  Flat  at  the  Nevada  Test 
Site.  The  alluvium  in  Yucca  Flat  varies  in  character  from  clayey  and  silt-sized 
particles,  to  cobbles  and  boulders.  The  composition  of  this  material  is  chiefly  lime¬ 
stone  and  volcanic  tuff  with  smaller  amounts  of  other  volcanics,  quartzite,  conglomer¬ 
ate  and  sandstone.  The  alluvium  is  poorly  consolidated  except  where  the  particles 
are  cemented  by  caliche  or  where  beds  of  caliche  exist.  Density  of  the  alluvium 
varies  from  1  .3  to  I  .8  kilograms  per  liter;  thot  is,  88  to  1 12  pounds  per  cubic  foot. 

PREVIOUS  TESTING; 

None  in  the  United  States. 

SHOT: 

Name: 

Type: 

Yield: 

Height  of  Burst: 

Date: 

Range: 

LOADING: 

Peak  Overpressure: 

Positive  Phase  Duration: 

SUMMARY: 

The  exposed  entranceways  of  the  structure  were  scoured  by  the  blast.  Above  ground  air 
stacks  were  severely  damaged.  The  pattern  of  cracks  in  the  entranceway  roof,  walls  and 
stairs  indicated  that  the  concrete  construction  was  forced  outward  into  the  soil.  Crack¬ 
ing  was  extensive  but  of  small  sizes.  Only  minor  cracks  occurred  in  the  below  ground 
areas. 


"Smoky" 

Tower 
43.8  KT 
700  feet 
31  August  1957 

approx .  900  feet 


145  psi  (  approx.  ) 
0.24  tec 
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OPERATION: 


Plumbbob 


PROJECT:  30.6 

STRUCTURE  IDENTIFICATION:  30.6  11-2 

CROSS  REFERENCE  INDEX: 

BURIED  CONCRETE  —  Precast  Concrete  Pipe  Sections 

REPORT  REFERENCES: 

WT-U53 

Civil  Effects  Test  Group  Report 
Available  through  Office  of  Technical  Services 
Departmer,  of  Commerce 
Washington  25,  D.C. 

LOCATION:  Yucca  Flat 

Nevada  Test  Site 

OBJECTIVES: 

Not  available;  however,  it  is  presumed  to  be  the  evaluation  of  personnel  structures 
subjected  to  overpressures  from  atomic  weapons. 

STRUCTURAL  DESCRIPTION: 

French  personnel  shelter  Type  50.  Buried  reinforced  concrete  underground  structure 
consisting  of  10  inch  thick  precast  rings.  Entrance  was  of  poured-in-place  concrete. 

STRUCTURAL  DETAILS. 


SECTION 


SOIL  CHARACTERISTICS: 

No  soil  dafa  stated;  however,  backfill  was  typical  of  Yucca  Flat  at  the  Nevada  Test 
Site.  The  alluvium  in  Yucca  Flat  varies  in  character  from  clayey  and  silt-sized 
particles,  to  cobbles  and  boulders.  The  composition  of  this  material  is  chiefly  lime¬ 
stone  and  volcanic  tuff  with  smaller  amounts  of  other  volcanics,  quartzite,  conglomer¬ 
ate  and  sandstone.  The  alluvium  is  poorly  consolidated  except  where  the  particles 
are  cemented  by  caliche  or  where  beds  of  caliche  exist.  Density  of  the  alluvium 
varies  from  1 .3  to  1  .8  kilograms  per  liter;  that  is,  88  to  112  pounds  per  cubic  foot. 

PREVIOUS  TESTING: 

None  in  the  United  States. 

SHOT: 

Name: 

Type: 

Yield: 

Height  of  Burst: 

Date: 

Range: 

LOADING: 

Peak  Overpressure: 

Positive  Phase  Duration: 

SUMMARY: 

No  damage  to  poured  concrete;  however,  circular  precast  rincp exhibited  extensive 
cracking  and  spalling. 


"Smoky" 

Tower 
43.8  KT 
700  feet 
31  August  1957 

approx .  900  feet 


1 15  psi  (  approx  .  ) 
0.24  sec 
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OPERATION: 


Plumb  bob 


PROJECT:  30.6 

STRUCTURE  IDENTIFICATION:  30.6  11-3 
CROSS  REFERENCE  INDEX: 

BURIED  CONCRETE  —  Reinforced  Concrete  Box  Section  Personnel 
Shelter  (  French  Type  ) 

REPORT  REFERENCES: 

WT-1453 

Civil  Effects  Test  Group  Report 
Availoble  through  Office  of  Technical  Services 
Department  of  Commerce 
Washington  25,  D.C. 

LOCATION:  Yucca  Flat 

Nevada  Test  Site 

OBJECTIVES: 

Not  available;  however,  it  is  presumed  to  be  the  evaluation  of  personnel  structures 
subjected  to  overpressures  from  atomic  weapons. 

STRUCTURAL  DESCRIPTION: 

French  personnel  shelter  Type  65.  Buried  reinforced  concrete  structure  with  floor,  wa 
and  roof  two  feet  thick. 

STRUCTURAL  DETAILS:  (SeePage  152) 

SOIL  CHARACTERISTICS: 

No  soil  data  stated;  however,  backfill  was  typical  of  Yucca  Flat  at  the  Nevada  Test 
Site.  The  alluvium  in  Yucca  Flat  varies  in  character  from  clayey  and  silt-sized 
particles,  to  cobbles  and  b  oulders.  The  composition  of  this  material  is  chiefly  lime¬ 
stone  and  volcanic  tuff  with  small  amounts  of  other  volcanics,  quartzite,  conglomer¬ 
ate  and  sandstone.  The  alluvium  is  poorly  consolidated  except  where  the  particles 
are  cemented  by  caliche  or  where  beds  of  caliche  exist.  Density  of  the  alluvium 
varies  from  1  .3  to  1 . 8  ki  iograms  per  liter;  that  is,  88  to  112  pounds  per  cubic  foot . 


STRUCTURAL  DETAILS: 
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SECT.  A- A 


SECTION 


PREVIOUS  TESTING: 
None  in  the  United  States. 


SHOT: 


Name: 

Type: 

Yield: 

Height  of  Burst: 
Date: 


"Smoky" 

Tower 

43.8  KT 
700  feet 
31  August  1957 


Range: 


approx  .  900  feet 


LOADING: 

Peak  Overpressure:  115  psi  (  upprox .  ) 

Positive  Phase  Duration:  0.24  sec 


SUMMARY: 

Minor  damage  observed.  Minor  cracking  in  walls  (  less  than  1/32 
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OPERATION: 

PROJECT:  30.6 

STRUCTURE  IDENTIFICATION:  30.6  11-4 
CROSS  REFERENCE  INDEX: 

BURIED  CONCRETE  —  Reinforced  Concrete  Box  Section  Personnel 
Shelter  (  French  Type  ) 

REPORT  REFERENCES: 

WT-1453 

Civil  Effects  Test  Group  Report 
Available  through  Office  of  Technical  Services 
Department  of  Commerce 
Washington  25,  D.C. 

LOCATION:  Yucca  Flat 

Nevada  Test  Site 

OBJECTIVES: 

Not  available;  however,  it  is  presumed  to  be  the  evaluation  of  personnel  structures 
subjected  to  overpressures  from  atomic  weapons. 

STRUCTURAL  DESCRIPTION: 

French  personnel  shelter  Type  65.  Buried  reinforced  concrete  structure  with  floor, 
walls,  and  roof  two  feet  thick. 

STRUCTURAL  DETAILS:  (  5ee  Page  154) 

SOIL  CHARACTERISTICS: 

No  soil  data  stated;  However,  backfill  was  typical  of  Yucca  Flat  at  the  Nevada  Test 
Site.  The  alluvium  in  Yucca  Flat  varies  in  character  from  clayey  and  silt-sized 
particles,  to  cobbles  and  boulders.  The  composition  of  this  material  is  chiefly  lime¬ 
stone  and  volcanic  tuff  with  small  amounts  of  other  volcanics,  quartzite,  conglomer¬ 
ate  and  sandstone.  The  alluvium  is  poorly  consolidated  except  where  the  particles 
are  cemented  by  caliche  or  where  beds  of  caliche  exist.  Density  of  the  alluvium 
varies  from  1 . 3  to  1  . 8  kilograms  per  liter;  that  is,  88  to  II 2  pounds  per  cubic  foot . 


STRUCTURAL  DETAILS: 


PREVIOUS  TESTING: 

None  in  the  United  States. 

SHOT: 

Name:  "Smoky" 

Type:  Tower 

Yield:  43.8  KT 

Height  of  Burst:  700  feet 

Date:  31  August  1957 

Range:  approx.  900  feet 

LOADING: 

Peak  Overpressure:  1 15  psi  (  approx  . ) 

Positive  Phase  Duration:  0.24  sec 

SUMMARY: 

Minor  structural  damage  .  Entrance  facing  away  from  ground  zero  was  badly  damaged 
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OPERATION:  Plumbbob 

PROJECT:  30.6 

STRUCTURE  IDENTIFICATION:  30.6  11-5 
CROSS  REFERENCE  INDEX: 

BURIED  CONCRETE  —  Reinforced  Concrete  Box  Section  Personnel 
Shelter  (  French  Type  ) 

REPORT  REFERENCES: 

WT  1453 

Civil  Effect;  Test  Group  Report 
Available  through  Office  of  Technical  Services 
Department  of  Commerce 
Washington  25,  D.C. 

LOCATION:  Yucco  Elat 

Nevada  Test  Site 

OBJECTIVES: 

Not  available;  however,  it  is  presumed  to  be  the  evaluation  of  personnel  structures 
subjected  to  overpressures  from  atomic  weapons, 

STRUCTURAL  DESCRIPTION: 

French  personnel  shelter  Type  65.  Buried  reinforced  concrete  structure  with  floor, 
walls,  and  roof  two  feet  thick. 

STRUCTURAL  DETAILS:  (SeePage  156) 

SOIL  CHARACTERISTICS: 

No  soil  data  stated;  however,  backfill  was  typical  of  Yucca  Flat  at  the  Nevada  Test 
Site.  The  alluvium  in  Yucca  Flat  varies  in  character  from  clayey  and  silt-sized 
particles,  to  cobbles  and  boulders.  The  composition  of  this  material  is  chiefly  lime¬ 
stone  and  volcanic  tuff  with  small  amounts  of  other  volcanics,  quartzite,  conglomer¬ 
ate  and  sandstone.  The  alluvium  is  poorly  consolidated  except  where  the  particles 
are  cemented  by  caliche  or  where  beds  of  caliche  exist.  Density  of  the  olluvium 
varies  from  1 .3  to  1  .8  kilogroms  per  liter;  that  is,  88  to  I  12  pounds  per  cubic  foot . 
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STRUCTURAL  DETAILS: 


PREVIOUS  TESTING: 
None  in  the  United  States. 


SHOT: 


Name: 

Type: 

Yield: 

Height  of  Burst: 
Date: 


"Smoky" 

Tower 
43.8  KT 
700  feet 
31  August  1957 


Range: 


approx.  1000  feet 


LOADING: 

Peak  Overpressure:  U5psi  (  approx.  ) 

Positive  Phase  Duration:  0,26  sec 


SUMMARY: 

Very  minor  structural  damage  to  buried  portions. 
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OPERATION:  Plumbbob 

PROJECT:  30.7 

STRUCTURE  IDENTIFICATION:  30.7  RAo 
CROSS  REFERENCE  INDEX: 

BURIED  CONCRETE  —  Reinforced  Concrete  Box  Section  Personnel 
Shelter  (  German  Type  ) 

REPORT  REFERENCES: 

WT-1454 

Civil  Effects  Test  G'Oup  Report 
Available  through  Office  of  Technical  Services 
Department  of  Commerce 
Washington  25,  D.C. 

LOCATION:  Yucca  Flat 

Nevada  Test  Site 

OBJECTIVES: 

Not  available;  however,  it  is  presumed  to  be  the  evaluation  of  personnel  structures 
subjected  to  overpressures  from  atomic  weapons. 

STRUCTURAL  DESCRIPTION: 

German  personnel  shelter  Type  A.  Buried  rectangular  reinforced  concrete  box  with 
haunched  roof . 

STRUCTURAL  DETAILS:  (  See  Page  158) 

SOIL  CHARACTERISTICS: 

No  soil  data  stated;  however,  backfill  wos  typical  of  Yucca  Flat  at  the  Nevada  Test 
Site.  The  alluvium  in  Yucca  Flat  vories  in  character  From  clayey  and  silt-sized 
particles,  to  cobbles  and  boulders.  The  composition  of  this  material  is  chiefly  lime¬ 
stone  and  volcanic  tuff  with  small  amounts  of  other  volcanics,  quortzite,  conglomer¬ 
ate  and  sandstone  .  The  alluvium  is  poorly  consolidated  except  where  the  particles 
are  cemented  by  caliche  or  where  beds  of  caliche  exist.  Density  of  the  alluvium 
varies  from  I  .3  to  1  .8  ki  lograms  per  liter;  that  is,  38  io  1 1  2  pounds  per  cubic  foot . 
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PREVIOUS  TESTING: 

None  in  the  United  States. 

SHOT: 

Name : 

Type: 

Yield: 

Height  of  Burst: 

Date: 

Range: 

LOADING: 

Peak  Overpressure: 

Positive  Phase  Duration: 

SUMMARY: 

Only  hairline  cracks  were  observed  in  buried  portions  of  structure,  however,  the 
entranceway  was  badly  damaged. 


"Smoky  " 

r  .  vcr 

^.8  KT 
700  feet 
3!  August  1957 

840  feet 


190  psi 
0. 1 1  sec 
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OPERATION:  Plumbbob 

PROJECT:  30.7 

STRUCTURE  IDENTIFICATION:  30.7  RAb 
CROSS  REFERENCE  INDEX: 

BURIED  CONCRETE  —  Reinforced  Concrete  Box  Section  Personnel 
Shelter  {  German  Type  ) 

REPORT  REFERENCES: 

WT-1454 

Civil  Effects  Test  Group  Report 
Available  through  Office  nf  Technical  Services 
Deportment  of  Commerce 
Washington  25,  D.C. 

LOCATION:  Yucca  Flat 

Nevodo  Test  Site 

OBJECTIVES- 

Not  available;  however,  it  is  presumed  to  be  the  evaluation  of  personnel  structures 
subjected  to  overpressures  from  atomic  weapons. 

STRUCTURAL  DESCRIPTION: 

German  personnel  shelter  Type  A.  Buried  rectangular  reinforced  concrete  box  with 
haunched  roof . 

STRUCTURAL  DETAILS:  (  See  Page  160) 

SOIL  CHARACTERISTICS: 

No  soil  data  stated;  however,  backfill  was  typical  of  Yucca  Flat  at  the  Nevada  Test 
Site.  The  alluvium  in  Yucca  Flat  varies  in  character  from  clayey  and  silt-sized 
particles,  to  cobbles  and  ooulders.  The  composition  of  this  material  is  chiefly  lime¬ 
stone  and  volcanic  tuff  with  small  amounts  of  other  volcanics,  quartzite,  conglomer¬ 
ate  and  sandstone.  The  olluvlum  is  poorly  consolidated  except  where  the  particles 
are  cemented  by  caliche  or  where  beds  of  caliche  exist.  Density  of  the  alluvium 
varies  from  1  .3  to  I  .8  kilograms  per  liter;  that  is,  88  to  1  12  pounds  per  cubic  foot. 
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STRUCTURAL  DETAILS: 


PREVIOUS  TESTING: 
None  in  the  United  States. 


SHOT: 


Name: 

Type: 

Yield: 

Height  of  Burst: 
Date: 


Smoky" 

Tower 
43.8  KT 
700  feet 
31  August  1957 


Range:  1000  feet 

LOADING: 

Peak  Overpressure:  1 15  psi 

Positive  Phase  Duration:  0.26  sec 


SUMMARY: 

The  main  structure  had  1/32  inch  cracks  in  the  floor  and  hairline  cracks  in  the  roof  and 
wall.  The  entranceway  was  damaged  extensively. 
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OPERATION:  Plumbbob 

PROJECT:  30.7 

STRUCTURE  IDENTIFICATION:  30.7  RAc 
CROSS  REFERENCE  INDEX: 

BURIED  CONCRETE  —  Reinforced  Concrete  Box  Section  Personnel 
Shelter  (  German  Type  ) 

REPORT  REFERENCES: 

WT-1454 

Civil  Effects  Test  Group  Report 
Available  through  Office  of  Technical  Services 
Department  of  Commerce 
Washington  25,  D-C. 

LOCATION:  Yucca  Flat 

Nevada  Test  Site 

OBJECTIVES: 

Not  available;  however,  it  is  presumed  to  be  the  evaulation  of  personnel  structures 
subjected  to  overpressures  from  atomic  weapons. 

STRUCTURAL  DESCRIPTION: 

German  personnel  shelter  Type  A.  Buried  rectangular  reinforced  concrete  box  with 
naunched  roof . 

STRUCTURAL  DETAILS:  (  See  Page  162  ) 

SOIL  CHARACTERISTICS: 

No  soil  data  stated;  however,  backfill  was  typical  of  Yucca  Flat  at  the  Nevada  Test 
Sift.  The  alluvium  in  Yucca  Flat  varies  in  character  from  clayey  and  silt-sized 
particles,  to  cobbles  and  boulders.  The  composition  of  this  material  is  chiefly  lime¬ 
stone  and  volcanic  tuff  with  small  amounts  of  other  volcanics,  quartzite,  conglomer¬ 
ate  and  sandstone.  The  alluvium  is  poorly  consolidated  except  where  the  particles 
are  cemented  by  caliche  or  where  beds  of  caliche  exist.  Density  of  the  alluvium 
varies  from  1  .3  to  1  .8  kilograms  per  liter;  that  is,  88  to  112  pounds  per  cubic  foot. 
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PREVIOUS  TESTING: 
None  in  the  United  States. 


SHOT: 


Name: 

"Smoky" 

Type: 

Tower 

Yield: 

43.8  KT 

Height  of  Burst: 

700  feet 

Date: 

31  August  1957 

Range: 

1000  feet 

LOADING: 

Peak  Overpressure: 

115  psi 

Positive  Phase  Duration: 

0.26  sec 

SUMMARY: 

Hairline  flexural  cracks  only  observed  in  main  structure.  Numerous  cracks  in 
entranceway  . 
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OPERATION:  Plumbbob 

PROJECT:  30.7 

STRUCTURE  IDENTIFICATION:  30.7  RAd 
CROSS  REFERENCE  INDEX: 

BURIED  CONCRETE  —  Reinforced  Concrete  Box  Section  Personnel 
Shelter  (  German  Type  ) 

REPORT  REFERENCES: 

WT-1454 

Civil  Effects  Test  Group  Report 
Available  through  Office  of  Technical  Services 
Department  of  Commerce 
Washington  25,  D.C. 

LOCATION:  Yucco  Flat 

Nevada  Test  Site 

OBJECTIVES: 

Not  available;  however,  it  is  presumed  to  be  the  evaluation  of  personnel  structures 
subjected  to  overpressures  from  atomic  weapons. 

STRUCTURAL  DESCRIPTION: 

German  personnel  shelter  Type  A.  Buried  rectangular  reinforced  concrete  box  with 
haunched  roof . 

STRUCTURAL  DETAILS:  (SeePage  164) 

SOIL  CHARACTERISTICS: 

No  soil  data  stated;  however,  backfill  was  typical  of  Yucca  Flat  at  the  Nevada  Test 
Site.  The  alluvium  in  Yucca  Flat  varies  in  character  from  clayey  and  silt-sized 
particles,  to  cobbles  and  boulders.  The  composition  of  this  material  is  chiefly  lime¬ 
stone  and  volcanic  tuff  with  small  amounts  of  other  volcanics,  quartzite,  conglomer¬ 
ate  and  sandstone.  The  alluvium  is  poorly  consolidated  except  where  the  particles 
are  cemented  by  caliche  or  where  beds  of  caliche  exist.  Density  of  the  alluvium 
varies  from  1  .3  to  1  .8  kilograms  per  liter;  that  is,  88  to  112  pounds  per  cubic  foot. 
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STRUCTURAL  DETAILS 


PREVIOUS  TESTING: 

None  in  the  United  States. 

SHOT: 

Name: 

Type: 

Yield: 

Height  of  Bur: 
Date: 

Range: 

LOADING: 

Ppnk  Overpressure: 

Positive  Phase  Duration: 

SUMMARY: 

No  damage  to  shelter;  however. 


"Smoky" 

Tower 

43. 8  KT 
700  feet 
3!  August  1957 

1176  feet 


82  psi 
0.30  ser 


slight  damage  to  entronceway  . 
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OPERATION:  Plumbbob 

PROJECT:  30.7 

STRUCTURE  IDENTIF ‘CATION:  30.7  CAa 
CROSS  REFERENCE  INDEX: 

BURIED  CONCRETE  —  Reinforced  Concrete  Cylindrical  Section 
Personnel  Shelter  (  German  Type  ) 

REPORT  REFERENCES: 

WT-1454 

Civil  Effects  Test  Group  Report 
Available  through  Office  of  Technical  Services 
Department  of  Commerce 
Washington  25,  D.C. 

LOCATION:  Yucca  Flat 

Nevado  Test  Site 

OBJECTIVES: 

Not  available;  however,  it  is  presumed  to  be  the  evaluation  of  personnel  structures 
subjected  to  overpressures  from  atomic  weapons. 

STRUCTURAL  DESCRIPTION: 

German  personnel  shelter  Type  A.  Cylindrical  pourtd-in-place  reinforced  concrete 
shelter. 
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SOIL  CHARACTERISTICS: 

No  soil  data  stated;  however,  backfill  was  typical  of  Yucca  Flat  at  the  Nevada  Test 
Site.  The  alluvium  in  Yucca  Flat  varies  in  character  from  clayey  and  silt'-sized 
particles,  to  cobbles  and  boulders.  The  composition  of  this  material  is  chiefly  lime- 
srone  ana  volcanic  tuff  with  small  amounts  of  other  volcanics,  quartzite,  conglomer¬ 
ate  and  sandstone.  The  alluvium  is  poorly  consolidated  except  where  the  particles 
are  cemented  by  caliche  or  where  beds  of  caliche  exist.  Density  of  the  alluvium 
vanes  from  1.3  to  I  .8  kilograms  per  liter;  that  is,  88  to  112  pounds  per  cubic  foot. 

PREVIOUS  TESTING: 

None  in  the  United  States. 

SHOT: 

Name: 

Type: 

Yield: 

Height  of  Burst: 

Date: 

Range: 

LOADING: 

Peak  Overpressure: 

Positive  Phase  Duration: 

SUMMARY: 

No  damage  to  structure  except  for  emergency  hatch. 


"Smoky  " 

Tower 
43.8  KT 
700  feet 
31  August  1957 

900  feet 


160  psi 
0.24  sec 
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OPERATION:  Plumbbob 

PROJECT:  30.7 

STRUCTURE  IDENTIFICATION:  30.7  CAb 
CROSS  REFERENCE  INDEX: 

BURIED  CONCRETE  —  Reinforced  Concrete  Cylindrical  Section 
Personnel  Shelter  (  German  Type  ) 

REPORT  REFERENCES: 

WT-1454 

Civil  Effects  Test  Group  Report 
Available  through  Office  of  Technical  Services 
Department  of  Commerce 
Washington  25,  D.C. 

LOCATION:  Yucca  Plot 

Nevada  Test  Site 

OBJECTIVES: 

Not  available;  however,  it  is  presumed  to  be  the  evaluation  of  personnel  structures 
subjected  to  overpressures  from  atomic  weapons. 

STRUCTURAL  DESCRIPTION: 

German  personnel  shelter  Type  A.  Cylindrical  poured-in-place  reinforced  concrete 
shelter. 


STRUCTURAL  DETAILS: 
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SOIL  CHARACTERISTICS: 

No  soil  data  stated;  however,  backfill  was  typical  of  Yucca  Flat  at  the  Nevada  Test 
Site.  The  alluvium  in  Yucca  Flat  varies  in  character  from  clayey  and  silt-sized 
particles,  to  cobbles  and  boulders.  The  composition  of  this  material  is  chiefly  lime¬ 
stone  and  volcanic  tuff  with  small  amounts  of  other  volcanics,  quartzite,  conglomer¬ 
ate  and  sandstone.  The  alluvium  is  poorly  consolidated  except  where  the  porticles 
are  cemented  by  caliche  or  where  beds  of  caliche  exist.  Density  of  the  alluvium 
varies  fron.  !  .3  to  1  .8  kilograms  per  liter;  that  is,  88  to  ii2  pounds  per  cubic  foot. 


PREVIOUS  TESTING: 

None  in  the  United  States. 

SHOT: 

Name: 

"Smoky" 

Type: 

Tower 

Yield: 

43.8  KT 

Height  of  Burst: 

700  feet 

Date: 

3!  August 

Range: 

1000  feet 

LOADING: 

Peak  Overpressure: 

115  psi 

Positive  Phase  Duration: 

0.26  sec 

SUMMARY: 

No  damage  to  structure  except  for  emergency  hatch. 
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OPERATION:  Plumbbob 

PROJECT:  30.7 

STRUCTURE  IDENTIFICATION:  30.7  RCa 
CROSS  REFERENCE  INDEX: 

BURIED  CONCRETE  —  Reinforced  Concrete  Box  Section  Personnel 
Shelter  (  German  Type  ) 

REPORT  REFERENCES. 

WT-1454 

Civil  Effects  Test  Group  Report 
Available  through  Office  of  Technical  Services 
Department  of  Commerce 
Washington  25,  D.C. 

LOCATION:  Yucca  Flat 

Nevada  Test  Site 

OBJECTIVES: 

Not  available;  however,  it  is  presumed  to  be  the  evaluation  of  personnel  structures 
subjected  to  overpressures  from  atomic  weapons. 

STRUCTURAL  DESCRIPTION: 

German  personnel  shelter  Type  C.  Buried  reinforced  concrete  retangular  structure 
wi  th  walls,  floor,  and  roof  1 '-0"  thick. 


STRUCTURAL  DETAILS: 


SECTION  SECT.  A_A 
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SOIL  CHARACTERISTICS: 

No  soil  data  stated;  however,  backfill  was  typical  of  Yucca  Flat  at  the  Nevada  Test 
Site.  The  alluvium  in  Yucca  Flat  varies  in  character  from  clayey  and  silt-sized 
particles,  to  cobbles  and  boulders.  The  composition  of  this  material  is  chiefly  lime¬ 
stone  and  volcanic  tuff  with  small  amounts  of  other  voicanics,  quartzite,  conglomer¬ 
ate  and  sandstone  .  The  alluvium  is  poorly  consolidated  except  where  the  porticles 
are  cemented  by  caliche  or  where  beds  of  caliche  exist.  Density  of  the  alluvium 
varies  from  1 .3  to  !  .8  kilograms  per  liter;  that  is,  SR  to  1 12  pound:  per  cubic  fc  ..i . 

PREVIOUS  TESTING: 

None  in  the  United  States. 

SHOT: 

Name: 

Type: 

Yield: 

Height  of  Burst: 

Date: 

Range; 

LOADINC: 

Peak  Overpressure: 

Positive  Phase  Duration: 

SUMMARY: 

Minor  cracks  (  1/32  inch  or  less  )  throughout  the  structure. 


"Smoky" 

Tower 
43.8  KT 
700  feet 
31  August  1957 

1770  feet 


27  psi 
0.48  sec 
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OPERATION: 


Plumbbob 


PROJECT:  34.3 

STRUCTURE  IDENTIFICATION:  34.3-01  and  34.3-02 

CROSS  REFERENCE  INDEX: 

BURIED  STEEL  —  Corrugated  Steel  Pipe  Sections 

REPORT  REFERENCES: 

WT-1474 

Civil  Effects  Test  Group  Report 
Available  through  Office  of  Technical  Services 
Department  of  Commerce 
Washington  25,  D .C . 

LOCATION:  Yucca  Flat 

Nevoda  Test  Site 

OBJECTIVES: 

To  determine  the  resistance  of  buried  structural-plate  pipe  to  high  overpressures. 
STRUCTURAL  DESCRIPTION: 

Structural-plate  pipe  of  curved,  sectional,  10  gage  corrugated  metal  plates  having 
longitudinal  and  circumferential  bolted  seams.  Corrugations  are  nominally  2  inches 
deep  and  spaced  6  inches  apart.  The  pipe  sections  used  were  20  feet  Iona  and  7  feet 
m  diameter . 

STRUCTURAL  DETAILS:  (SeePage  172) 

SOIL  CHARACTERISTICS: 

The  backfill  material  was  sandy  gravel  with  a  maximum  density  of  122  pcf  and  a  mois¬ 
ture  content  of  10.5  percent.  The  average  compaction  attained  was  about  93  percent 
of  maximum  .  Direct  shear  te'ts  indicated  an  internal  coefficient  of  friction  of  1  42 
in  one  case  and  0.875  in  another, 

PREVIOUS  TESTING: 

Somewhat  similar  structures  were  tested  in  Operation  Plumbbob.  Project  3.2  (  WT-1421  ) 
(bee  text  page  121)  *  '  * 
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STRUCTURAL  DETAILS: 

GROOVES  IN  SIDES  OF  EXCAVATION-i 

FOR  7H0JECTI0NS  BULKHEADS  \ 

\ 

4X4  POST- 

1  9'-  0"  (  *  li'-rt*'  1 

y—  FINISH  GRADF  !  '  ; 

rcr  zr  r;» 

i  — * 

-i  ■  "1 

mud 


Name : 

Type: 

Yield: 

Height  of  Burst: 
Date: 


"Smoky" 

Tower 
44  KT 
700  feet 
31  August  1957 


TEST  LAYOUT: 

One  Structure  was  located  825  feet  from  ground  zero  and  the  other,  900  feet  from 
ground  zero  with  the  axis  of  the  pipe  perpendicular  to  a  ray  from  ground  zero. 

LOADING: 

(  Overpressure  at  earth  surface  ) 

34.3- 01:  245  psi 

34.3- 02:  140  psi 

SUMMARY: 

Maximum  transient  changes  in  vertical  and  horizontal  diameters  measured  by  the  self- 
recording  gages  were  about  7/8  inch  and  3/8  inch,  respectively.  Maximum  residual 
changes  in  fhe  same  diameters  were  3/4  inch  and  1/4  inch,  respectively.  Discrepanc 
were  found  between  measurements  of  residual  changes  recorded  by  the  gages  and  those 
obtained  visually  before  and  after  the  event. 


OTHER  REMARKS: 

These  structures  were  similar  to  those  evaluated  as  part  of  Operation  Plumbbob,  Project 
3.2.  The  soil  conditions  for  each  project  were  quite  different.  The  deflections 
experienced  in  Project  34.3  were  considerably  smaller  than  might  be  tolerutcu  under 
certain  conditions;  hence  .  an  upper  limit  of  survival  has  not  yet  been  established  for 
structures  of  this  type. 

SUBSEQUENT  TESTING:  None 
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OPERATION:  Plumbbob 

PROJECT:  Test  Support  Station 

STRUCTURE  iDENT  iriCATION:  Station  T  3B 
CROSS  REFERENCE  INDEX: 

TEST  SUPPORT  STATION  —  Massive  Reinforced  Concrete  Semi- 
Buried  Shelter. 

REPORT  REFERENCES: 

ITR-1455 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION.  Frenchman's  Flat 

Nevada  Test  Site 

OBJECTIVES:  (  Non-experimental  structure  ) 

Structure  used  for  test  support  purposes,  thus  only  visual  post  shot  inspections  were 
made . 

STRUCTURAL  DESCRIPTION: 

Reinforced  concrete  test  facility  shelter.  Top  surface  was  flush  wii!>  the  grade  and 
covered  with  five  feet  of  earth. 

STRUCTURAL  DETAILS:  (  See  Page  175  ) 

SOIL  CHARACTERISTICS: 

No  soil  data  given;  but  soil  at  Frenchman's  Flat  consists  of  silt  with  a  trace  of  clay, 
and  has  a  maximum  dry  density  of  96  to  108  pcf. 

PREVIOUS  TESTING:  None 
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12-0’ 


SUMMARY: 

Transient  displacement  of  6.5  inches  downward  and  permanent  displacements  of  1  .5 
inches  downward  were  noted.  No  other  damage  was  noted. 

OTHER  REMARKS: 

Measurements  of  earth  pressure  and  deflection  were  not  made  for  this  test  station; 
hence,  loading  and  response  data  was  collected  only  for  general  information  purposes. 


OPERATION: 

PROJECT: 

STRUCTURE  IDENTIFICATION:  Station  7-300 
CROSS  REFERENCE  INDEX: 

TEST  SUPPORT  STATION  —  Massive  Reinforced  Concrete  Semi- 
Buried  Shelter 

REPORT  REFERENCES: 

ITR-1455 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Yucca  Flat 

Nevada  Test  Site 

OBJECTIVES:  (  Non-experimentol  structure  ) 

Structure  used  for  test  support  purposes,  thus  only  visual  past  shot  inspections  were 
made . 

STRUCTURAL  DESCRIPTION: 

Massive  reinforced  concrete  test  facility  located  below  grade  covered  with  mounded 
earth . 

STRUCTURAL  DETAILS:  (SeePage  178) 

SOIL  CHARACTERISTICS: 

No  soil  data  stated;  however,  backfill  was  typical  of  Yucca  Flot  at  the  Nevada  Test 
Site  .  The  a  I  luvium  in  Yucco  F  lot  varies  in  character  from  clayey  and  si  It-sized 
particles,  to  cobbles  and  boulders.  The  composition  of  this  material  is  chiefly  lime¬ 
stone  and  volcanic  tuff  with  small  amounts  of  other  volcanics,  quartzite,  conglomer¬ 
ate  and  sandstone  .  The  alluvium  is  poorly  consolidated  except  where  the  particles 
are  cemented  by  caliche  or  where  beds  of  caliche  exist.  Density  of  the  alluvium 
varies  from  1  .3  to  1  .8  kilograms  per  liter;  that  is,  98  to  1 12  pounds  per  cubic  foot. 


Plumbbab 

Test  Support  Station 
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STRUCTURAL  DETAILS: 


PREVIOUS  TESTING: 

None 

SHOT: 

Name: 

"Stokes" 

"Doppler" 

"LaPlace " 

Type: 

Balloon 

Balloon 

Balloon 

Yield: 

19  KT 

10.5  KT 

1.22  KT 

Height  of  Burst: 

1 , 500  feet 

1 , 500  feet 

750  feet 

Date: 

7  Aug  1957 

23  Aug  1957 

8  Sept  1957 

Range: 

60  feet 

60  feet 

60  feet 

Peak 

Overpressure: 

45  psi 

25  psi 

25  psi 

Name: 

"Newton" 

"Franklin1 11 

Type: 

Balloon 

Balloon 

Yield: 

12.0  KT 

4.7  KT 

Height  of  Burst: 

1 ,500  feet 

750  feet 

Date: 

16  Sept  1957 

30  Aug  1957 

Range: 

60  feet 

60  feet 

Peak 

Overpressure: 

30  psi 

65  psi 

SUMMARY: 

No  damage  experienced  by  the  loadings  above. 
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OTHER  REMARKS: 

Measurements  of  earth  pressure  and  deflection  were  not  made  for  this  test  station; 
hence,  loading  and  response  data  was  collected  only  for  general  information  purposes. 
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OPERATION:  Plumbbob 

PROJECT:  Test  Support  Station 

STRUCTURE  IDENTIFICATION:  Station  9-22-6001 
CROSS  REFERENCE  INDEX: 

TEST  SUPPORT  STATION  —  Massive  Reinforced  Concrete  Semi- 
Buried  Shelter 

REPORT  REFERENCES: 

ITR-1455 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Yucca  Flat 

Nevada  Test  Site 

OBJECTIVES:  (  Non-experimental  structure  ) 

Structure  used  for  test  support  purposes,  thus  only  visual  pasr  shot  inspections  were 
made . 

STRUCTURAL  DESCRIPTION: 

Massive  reinforced  concrete  test  facility  located  below  grade, covered  with  moundeo 

earth . 

STRUCTURAL  DETAILS:  (SeePage  181) 

SOIL  CHARACTERISTICS: 

No  soil  data  stated;  however,  backfill  was  typical  of  Yucca  Flat  at  the  Nevada  Test 
Site.  The  alluvium  in  Yucca  Flat  varies  in  character  from  clayey  and  silt-sized 
particles,  to  cobbles  and  boulders.  The  composition  of  this  material  is  chiefly  lime¬ 
stone  and  volcanic  tuff  with  small  amounts  of  other  volcanics,  quartzite,  conglomer¬ 
ate  and  sandstone.  The  alluvium  is  poorly  consolidated  except  where  the  particles 
are  cemented  by  caliche  or  where  beds  of  caliche  exist.  Density  of  the  alluvium 
varies  from  1  .3  to  1  .8  kilograms  per  liter;  that  is,  88  to  112  pounds  per  cubic  foot. 
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STRUCTURAL  DETAILS 


SECTION  A*A 


PREVIOUS  TESTING:  None 


Name: 

"Lassen" 

"Wilson" 

"Hood" 

Type: 

Bal  loon 

Ba  1 1  oon 

Ba  1 1  oon 

Yield: 

0.47  KT 

10.3  KT 

74.3  KT 

Height  of  Burst: 

500  feet 

500  feet 

1,500  feet 

Date: 

5  June  1957 

1  8  June  1 957 

5  July  1957 

Range: 

25  feet 

25  feet 

25  feet 

Peak 

Overpressure: 

35  psi 

290  psi 

60  psi 

SHOT:  (con't) 


Name: 

"Owens" 

"Whee  ler " 

"Charleston" 

"Morgan" 

Type: 

8a  i  loon 

8a 1  loon 

Balloon 

Bal loon 

Yield: 

9.7  KT 

0. 19  KT 

11  .5  KT 

8.0  KT 

Height  of  Burst: 

500  feet 

500  feet 

1,500  feet 

500  feet 

Date: 

25  July  1957 

6  Sept  1957 

28  Sept  1957 

7  Oct  1957 

Range: 

Peak 

25  feet 

25  feet 

25  feat 

25  feet 

Overpressure: 

140  psi 

20  psi 

25  psi 

250  psi 

SUMMARY: 

There  was  no  damage  from  shots  "Lassen",  "Wilson'1,  and  "Hood".  Spalling  was  evident 
after  shot  "Owens".  Severe  cracking  occurred  from  shot  "Morgan".  Upon  completion 
of  the  series  of  tests,  the  roof  was  cracked  and  spalled,  thereby  exposing  reinforcing 
steel . 

OTHER  REMARKS: 

Measurements  of  earth  pressure  and  deflection  were  not  made  for  this  test  station; 
hence,  loading  and  response  data  was  collected  only  for  general  information  purposes. 


OPERATION:  Hardtack 

PROJECT:  1.9 

STRUCTURE  IDENTIFICATION:  1.9 
CROSS  REFERENCE  INDEX: 

LOADING-RESPONSE  EXPERIMENTAL  SYSTEMS  —  Buried  Response 
Cylinders  (  Drums  with  Flexible  Diaphragms) 

REPORT  REFERENCES: 

WT-I6I4 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Gene  (  Teifeiribucchi  )  and  Yvonne  (  Runit  ) 

Eniwetok  Proving  Grounds 

OBJECTIVES: 

To  study  some  of  the  factors  affecting  the  transmission  of  air-blast-induced  pressure 
through  soil  and  the  loading  produced  on  buried  structures.  Pressures  studied  were  in 
the  range  of  approximately  250  psi . 

Factors  that  were  studied: 

(1)  Attenuation  of  pressure  transmitted  through  unsaturated  silt  containing  a  trace  of 
clay . 

(2)  The  effect  of  surface  peak  overpressure  on  the  pressure  transmitted  through  such 
a  soi I . 

(3)  The  effect  of  structure  flexibility  on  the  loading  of  structures  buried  in  such  a 
sol  I . 

(4)  The  relationship  between  horizontal  and  vertical  pressures  on  structures  buried  in 
such  a  soi  I  . 

STRUCTURAL  DESCRIPTION: 

The  simulated  structures  consisred  of  43  devices,  each  of  which  was  a  rigid  cylinder 
having  one  rigid  end  and  one  deformable  diaphragm  end.  Different  thicknesses  of 
diaphragm  were  used,  and  the  devices  were  buried  ut  depths  ranging  from  0  to  20  feet. 
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Drum  Layout  for  Shot 


Drum  Layout  for  Shot  "Cactus" 


LOADING: 

(  Overpressures  at  ground  surface  ) 
Shot  "Koa": 

Precursor: 

Main  Pulse: 


Shut  "Cuutus": 
Precursor: 
Main  Pulse: 


SUMMARY: 

On  the  basis  of  a  very  limited  amount  of  data  and  in  view  of  the  apparent  presence  of 
a  large  water-transmitted  pressure  pulse,  the  following  conclusions  con  be  made: 

(1)  Far  a  soil  deposit  consisting  of  loose  beach  sand,  such  as  that  found  at  Eniwetok 
Proving  Grounds,  there  is  considerable  attenuation  of  an  air-induced,  ground-trans¬ 
mitted  pressure.  This  is  true  not  only  above  the  water  table,  but  also  for  ot  least  a  few 
feet  below  it.  The  presence  of  the  horizontal  water-transmitted  pressure  obscured  this 
effect  ot  depths  greater  than  that.  The  amount  of  this  attenuation  in  the  soil  deposit 

is  approximately  the  same  as  was  found  in  the  ton  silt  deposit  at  the  Nevada  Test  Site, 
which  was  about  20  percent  in  the  first  5  feet  of  depth. 

(2)  The  difference  between  the  positive -phase  duration  of  a  kiloton  detonation  and 
that  of  o  megaton  detonation  appears  to  have  no  appreciable  effect  on  the  attenuation 
with  depth  of  an  air-induced  pressure  in  a  loose  beach  sand  deposit,  such  as  that  found 
at  Eniwetok  Proving  Grounds. 

(3)  Where  the  air-induced  pressure  predominates,  the  horizontal  pressure  Is  much  less 
than  the  vesical.  At  the  Eniwetok  Proving  Grounds,  the  ratio  of  these  pressures  was 
about  0.50  at  all  depths  from  the  surface  down  too  few  feet  below  the  water  table. 
Approximately  the  some  value  was  found  ot  the  Nevada  Test  Site  during  Operation 
Plumbbob . 

Where  the  horizontal  water  shock  was  predominant,  the  stress  state  in  the  soil  was 
approximately  hydrostatic,  which  was  to  be  expected  because  undrained  saturated 
soil  behaves  much  like  a  liquid.  No  conclusions  can  be  drawn  regarding  the  stress 
state  in  a  saturated  soil  deposit  subjected  to  strictly  air-induced  pressure,  because  the 
horizontal  water-transmitted  pressure  exceeded  the  air-induced  pressure  at  depths 
where  a  hydrostatic  pressure  would  be  expected  to  exist  under  air-induced  pressure 
loading . 

(4)  The  flexibility  of  the  diaphragms  has  a  considerable  effect  on  the  pressures  acting 
on  them,  whether  they  are  located  above  or  below  the  water  table.  When  the  overall 
compressibility  of  the  drum  is  much  greater  than  that  of  the  soil  it  replaces,  the  pressure 
on  the  diaphragm  is  materially  less  than  that  in  the  soil  surrounding  the  drum.  This 


None 

Rise  Time  —  essentially  zero 
Peak  Overpressure  —  240  psi 

None 

Rise  Time  —  essentially  zero 
Peak  Overpressure  —  304  psi 
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difference  can  be  more  than  50  percent,  and  is  almost  completely  developed  in  a  depth 
of  burial  equal  to  the  span  of  the  drum. 

( Tha  raciilft  r\(  *  far»  ...UU  »L»_  *1 _ _  _ _  j  ■  ,  I  n  I  »  i  ■ 

- - - -  .w  me  mcwfy  ueveiupea  in  rne  riumoDOO 

Project.  However,  this  theory  includes  a  number  of  simplifying  assumptions  and  some 
fairly  crude  approximations.  Further  study  is  required  to  refine  the  analysis. 

SUBSEQUENT  TESTING:  None 
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OPERATION:  Hardtack 

PROJECT:  3.2 

STRUCTURE  IDENTIFICATION:  3.2o,  3.2b,  3.2c,  3. 2d 
CROSS  REFERENCE  INDEX: 

EARTH-COVERED  AND  SEMI-BURIED  STEEL  —  Semi-Burled 
Corrugated  Steel  Arch  Shell  Structures 

REPORT  REFERENCES: 

WT-1626 

Defense  Atomic  Support  Agency 
Washington  25,  D,C. 

LOCATION:  Helen,  Irene  (  Bogoirikk  I  .  ),  and  Yvonne  (  Runit  ) 

Eniwetok  Proving  Grounds 

OBJECTIVES: 

To  determine  failure  criteria  of  underground  corrugated  steel  arches  under  long-duration, 
high-pressure  loads. 

STRUCTURAL  DESCRIPTION: 

"our  corrugated  steel,  flexible,  arch  shell  structures  (  3.2a,  3.2b,  3.2c,  and  3. 2d  ) 
with  5  feet  of  earth  cover 

Structure  3. 2d  (  1  gage  )  had  a  span  of  38  feet  and  a  length  of  40  feet.  The  other 
three  structures  (  10  gage  )  had  spans  of  25  feet  and  lengths  of  48  feet. 

STRUCTURAL  DETAILS:  (SeePages  190and  191) 

SOIL  CHARACTERISTICS: 

Coral  sand  —  fine  to  coarse  sand  with  some  fine  gravel . 

PREVIOUS  TESTING: 

Similar  structures  were  tested  in  Operation  Upshot-Knothole,  Project  3.15;  Operahon 
Teapot,  Project  3.6;  and  Operation  Plumbbob,  Project  3.3.  (See  text  pages  70,  95 
and  127, respectively , ) 
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SECTIONS  1 

3.2a,  3.2b,  3.2c  —  25  foot  span  structures 


A  B 


3.2a 

5.0  feet 

12.0  feet 

3.2b 

3.0  feet 

1 4.0  feet 

3.2c 

1  .5  feet 

15.5  feet 

190 


000*931 


LOADING: 


3.2a 


3.2b 


3.2c 


3. 2d 


Peak  Overpressure:  90  psi  78  psi  180  psi  100  psi 

Duration:  0.40  sec  1  .6  sec  1  .2  sec  1  .52  sec 

SUMMARY: 

Structure  3.2a  collapsed  on  the  side  away  from  ground  zero.  The  collapse  apparently 
began  with  bearing  failure  of  the  shell  plates  at  a  bolted  horizontal  seam,  approximately 
5  feet  above  floor  level  on  the  collapsed  side. 

Structure  3.2b  collapsed  completely  and  filled  with  sand.  The  collapse  appeared  to 
be  symmetrical  about  the  crcwn. 

Structure  3.2c  collapsed  completely,  with  the  crown  touching  the  floor  of  the  structure. 

Structure  3. 2d  collapsed  completely  and  filled  with  sond.  The  collapse  appeared  to  be 
symmetrical  about  the  crown. 

OTHER  REMARKS: 

The  results  of  this  experiment  indicate  that  it  is  necessary  to  consider  the  response  of  a 
flexible  structure  basicolly  os  a  soi Is-structurol  problem  rather  than  a  structural  resistance 
problem.  The  related  experiments  in  Nevada  (  Operation  Plumbbob,  Project  3.3  )  had 
different  soi  I  characteristics;  therefore,  they  ore  very  difficult  to  correlate .  Consider¬ 
able  study  is  recommended  to  reach  an  understanding  of  flexible  structure-soi Is  inter¬ 
action  problems . 

SUBSEQUENT  TESTING:  None 
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OPERATION:  Hardtack 

PROJECT:  Test  Support  Station 

STRUCTURE  IDENTIFICATION:  Station  1311 
CROSS  REFERENCE  INDEX: 

TEST  SUPPORT  STATIONS  —  Reinforced  Concrete  Earth  Covered 
Shelter 

REPORT  REFERENCES: 

WT -1631 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Irene  (  Bogairikk  I.  )  . 

Eniwetok  Proving  Grounds 

OBJECTIVES:  (  Non-experimenfal  structure) 

Structure  used  for  test  support  purposes,  thus  only  visual  past  shot  inspections  were 
made . 

STRUCTURAL  DESCRIPTION; 

Semi-Buried  reinforced  concrete  shelter  with  5  feet  of  earth  cover. 

STRUCTURAL  DETAILS:  (  See  Page  195) 

SOIL  CHARACTERISTICS: 


Coral  sand  — ■  fine  to  coarse  sand  with  some  fine  gravel . 


PREVIOUS  TESTING: 

None 

SHOT: 

Name: 

,:Koa" 

,:Yellowwood" 

"Tobacco" 

"Walnut" 

Type: 

Surface 

Barge 

Barge 

Barge 

Yield: 

I  .38  MT 

340  KT 

11.7  KT 

1.45  MT 

Height  of  Burst: 

zero 

zero 

zero 

zero 

Date: 

12  Moy  1958 

26  May  1 958 

30  May  1958 

1 4  June  1958 

i  94 


SHOT:  (con'f) 
Name: 
Type: 


“Elder"  "Dogwood"  "Olive" 

Barge  Barge  Barge 


Height  of  Burst:  zero  zero  zero  zero 

Date:  27  June  1958  5  July  1958  22  July  1958  26  July  1958 


STRUCTURAL  DETAILS: 


LOADING: 


shot 

range 

peak 

overpressure 

durati  on 

floor  slab 
acceleration 

/  r _ *  s 

\  ICC'  / 

(  PS*  } 

(  set  ) 

(  9  ) 

"Koa" 

5,290 

42 

1  .85 

6.0 

"Yellowwood" 

6,480 

11 

1.55 

0.4 

"Tobacco" 

6,120 

1.9 

0.89 

0 

"Walnut" 

6,480 

28 

1  .98 

3.5 

“Elder" 

6,120 

23 

1.80 

2.3 

“Dogwood" 

6,120 

13 

1.55 

0.6 

“Olive" 

6,120 

9.5 

1.38 

0.2 

"Pine" 

7,670 

27 

2.30 

3.5 

SUMMARY: 

T lie  station  was  structurally  damaged  mainly  from  the  effects  of  shots  "Koa"  ond  "Walnut". 
Shot  "Koa"  nearly  filled  the  entrance  with  sand  and  the  plain-concrete  floor  wos  badly 
cracked  from  both  shots.  The  other  shots  caused  no  additional  damage. 

OTHER  REMARKS: 

Measurements  of  earth  pressure  ond  deflection  were  not  made  for  this  test  station; 
hence,  loading  and  response  data  was  collected  only  for  general  information  purposes. 

SUBSEQUENT  TESTING:  None 
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OPERATION:  Hardtack 

PROJECT:  Test  Support  Station 

STRUCTURE  IDENTIFICATION:  Station  1314 
CROSS  REFERENCE  INDEX: 

TEST  SUPPORT  STATIONS  —  Massive  Reinforced  Concrete  Semi- 
Buried  Shelter 


This  is  the  same  structure  identified  as  Ivy  200;  consequently,  complete  description 
and  other  data  is  included  under  Operation  Ivy,  Project  200.  (See  text  page  44) 
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OPERATION:  Hardtack 
PROJECT:  Test  Support  Station 

STRUCTURE  IDENTIFICATION:  Station  1525 
CROSS  REFERENCE  INDEX: 

TEST  SUPPORT  STATIONS  —  Massive  Reinforced  Concrete  Earth- 
Covered  Shelter 

REPORT  REFERENCES: 

WT-1631 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Irene  (  Bogcirikk  I.  ) 

Eniwetok  Proving  Grounds 

OBJECTIVES:  (  Non -ex  per!  mental  structure) 

Structure  used  for  test  support  purposes,  thus  only  visual  post  shot  inspections  were 
made . 

STRUCTURAL  DESCRIPTION: 

Semi-buried  massive  reinforced  concrete  shelter  with  5  feet  of  earth  cover.  One  side 
with  retaining  wall  was  exposed. 

STRUCTURAL  DETAILS:  (See  Page  199) 

SOIL  CHARACTERISTICS: 

Coral  sand  —  fine  to  coarse  sand  with  some  fine  gravel . 

PREVIOUS  TESTING:  None 
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STRUCTURAL  DETAILS: 


SHOT: 


Name: 

"Koa" 

Ye  1 1  owwood  " 

"Tobacco11 

"Wolnut" 

Type: 

Surface 

Barge 

Barge 

Barge 

Yield: 

1  .38  MT 

340  KT 

11 .7  KT 

1  .45  MT 

Height  of  Burst: 

zero 

zero 

zero 

zero 

Date: 

12  May  1958 

26  May  1 958 

30  May  1958 

1 4  June  1958 

Name: 

"Eider" 

"Dogwood” 

"Olive" 

"Pine" 

Type: 

Barge 

Barge 

Barge 

Barge 

Yield: 

940  KT 

397  KT 

202  KT 

2.1  MT 

Height  of  Burst: 

zero 

zero 

zero 

zero 

Date: 

27  June  1958 

5  July  1958 

22  July  1958 

26  July  1958 

LOADING: 


peak  floor  slab 


shot 

range 
(  feet  ) 

overpressure 
(  PS'  ) 

duration 
(  sec  ) 

acceleroti 

(  9  ) 

"Koa" 

5,300 

42 

1  .85 

6.9 

"Yel  lowwood" 

6,700 

1  1 

1.57 

0.4 

"Tobacco" 

6,340 

1.8 

0.91 

0 

"Walnut" 

6,700 

27 

2.00 

3.2 

“Elder" 

6,340 

22 

1  .82 

2.0 

"Dogwood  " 

6,340 

14 

1.57 

0.6 

"Olive" 

6,340 

9 

1.40 

0.2 

"Pine" 

7,890 

26 

2.32 

3.2 

SUMMARY: 

The  only  damage  Incident  to  the  structure  occurred  during  shots  "Koa"  and  "Walnut". 
The  retaining  wall  integral  with  the  front  wall  was  severely  damaged  by  the  face-cn 
air  blast  from  shot  "Koa"  and  one  end  of  it  was  loter  destroyed  by  shot  "Walnut". 

OTHER  REMARKS: 

Measurements  of  earth  pressure  and  deflection  were  not  made  for  this  test  station; 
hence,  loading  and  response  data  was  collected  only  for  general  information  purposes. 

SUBSEQUENT  TESTING:  None 
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OPERATION:  Hardtack 

PROJECT:  Test  Support  Station 

STRUCTURE  IDENTIFICATION:  Station  1526 

CROSS  REFERENCE  INDEX: 

TEST  SUPPORT  STATIONS  —  Massive  Reinforced  Concrete  Earth- 
Covered  Shelter 

REPORT  REFERENCES: 

WT-1631 

Defense  Atomic  Support  Agency 
Washington  25,  D.C. 

LOCATION:  Irene  (  Bogairikk  I.  ) 

Eniwetok  Proving  Grounds 

OBJECTIVES:  (  Non-experimentai  structure  ) 

Structure  used  for  test  support  purposes,  thus  only  visual  past  snot  inspections  were 
made  . 


STRUCTURAL  DESCRIPTION: 

Semi -buried  massive  reinforced  concrete  shelter  with  5  feet  of  earth  cover. 


STRUCTURAL  DETAILS:  (  See  Page  202  ) 


SOIL  CHARACTERISTICS: 

Coral  sand  —  fine  to  coarse  sand  with  some  fine  gravel . 


PREVIOUS  TESTING:  None 


SHOT: 


Name: 

Type: 

Yield: 

Height  of  Burst: 
Date: 


"Koa"  "Yellowwood"  "Tobacco"  "Walnut" 

Surface  Barge  Barge  Barge 

1.38MT  340  KT  11.7  KT  1.45  MT 

zero  zero  zero  zero 

12  May  1958  26  May  1958  30  May  1958  14  June  1958 
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SHOT:  (  con't  ) 

Name:  "Elder"  "Dogwood"  "Olive"  "Pine" 

Type:  3arge  Barge  Barge  Barge 

Yield:  940  KT  397  KT  202  KT  2.1  .M.T 

Height  of  8ursf:  zero  zero  zero  zero 

Date:  27  June  1958  5  July  1958  22  July  1958  26  July  1958 


PLAN 


LOADING: 

peak 

floor  slab 

shot 

range 

overpressure 

duration 

acceleration 

( feet  ) 

(  psi  ) 

( sec  ) 

(g) 

"Koa" 

5,360 

42 

1  .85 

6.7 

"Yellowwood" 

6,510 

11.5 

1  .55 

0.4 

"Tobacco" 

6,140 

1  .9 

0.89 

0 

"Wa  Inut" 

6,510 

28 

1 .98 

3.6 

"Elder" 

6,140 

23 

1 .80 

2.3 

"Dogwood" 

6,140 

13 

1 .55 

0.7 

"Olive" 

6,140 

9.5 

1  .38 

0.2 

"Pine" 

7,720 

28 

2.30 

3.3 

SUMMARY: 

The  station  received  no  damage  from  any  of  the  tests. 

OTHER  REMARKS: 

Measurements  of  earth  pressure  and  deflection  were  not  made  for  this  test  station; 
hence,  loading  and  response  data  was  collected  only  for  general  information  pruposes 

SUBSEQUENT  TESTING:  None 
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PART  2 


Discussion  and  Correlation  of  Tests 

Part  2  contains  a  series  of  charts  designed  to  show  quickly  and  graphically  the 
relation  between  similar  tests,  and  are  so  arronged  that  positive  trends  in 
structt  ral  response  become  apparent.  A  general  discussion  and  recommendations 
are  presented. 
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CORRELATION  OF  TEST  RESULTS 


The  following  materiel  will  concern  itself  with  correlating  rhe  information  obtained 
from  the  weapons  tests,  and  comparing  the  dynamic  response  of  the  structures  in¬ 
volved.  The  correlation  will  be  presented  in  two  parts:  (I)  by  charts  showing  the 
pertinent  test  data  and  significant  results,  and  (2)  by  a  general  discussion  of  struc¬ 
tural  response  characteristics. 

Unfortunately ,  the  discussion  will  be  limited.  Due  in  port  to  the  exploratory  nature 
of  many  of  the  tests,  the  restricted  scope  of  the  project  goals,  and  the  erratic 
nature  of  explosion  phenomena  and  resulting  data,  much  of  the  information  does  not 
permit  correlation.  As  a  result,  only  general  conclusions  con  be  drawn.  It  is  hoped 
that  future  investigations  will  allow  specific,  detailed  comments. 

The  charts,  which  follow,  are  designed  to  show  the  reader  quickly  and  graphically 
the  relation  between  similar  tests,  and  data  are  so  arranged  that  positive  trends  in 
structural  response  become  apparent.  As  it  is  impossible  to  record  oil  available 
data  on  these  charts,  the  reader  is  referred  by  page  number  to  the  more  complete  test 
description  in  Part  1  of  this  report,  and  if  then  necessary,  to  the  original  work. 

LIST  OF  CHARTS 


The  following  is  a  list  of  the  charts  in  order  of  presentation: 

I  .  Buried  Corrugated-Steel,  Cottleposs  Pipe  Sections,  Shown  as  a  Function  of 
Depth  of  Burial . 

2.  Buried,  Circular,  Corrugated  Steel  Pipe  Sections,  Shown  as  o  Function  of 
Decreasing  Overpressure. 

3.  Circular,  Reinforced  Precast  and  Monolithic  Concrete  Pipe  Sections  Shown 
as  a  Function  of  Overpressure. 

4.  Steel  and  Concrete  Pipe  Sections  at  Constant  Depth  of  Burial.  Shown  as 
a  Function  of  Overpressure  . 

5.  Earth-covered,  Flexible,  Corrugated  Steel  Arch  Shelters. 

6.  Buried,  Semi-Buried  and  Flexible  Corrugated  Steel  Arch  Shelters. 

7.  Comparison  of  Earth-covered  Steel  to  Buried  Steel  Arch  Shelters. 

8.  Buried  Reinforced  Concrete  Arch  Shelters 

9.  Buried,  Reinforced  Concrete  Rectangular  Shelters  in  Operation  Plumbbob. 

10.  Other  Buried  Reinforced  Concrete  Shelters  of  Rectangular  Construction 


DEFINITIONS 


In  reeding  the  charts,  the  following  symbols  are  used  and  here  defined: 

*  indicates  a  value  estimated  by  the  writers  of  this  report. 

—  is  used  to  indicate  that  the  value  ar  situation  is  the  same  as  the  one 
shown  to  the  left  of  the  orrow. 


Earth-covered  Structures:  Structures  founded  at  the  original  ground  surface 
and  covered  with  earth  to  provide  a  layer  which  closely  approximates 
the  shape  of  the  structure  itself.  Such  structures  are  drag  loaded  as  well 
as  loaded  by  overpressure. 

Semiburied  Structures:  Structures  covered  with  earth  such  that  the  horizontal 
top  surface  of  the  berm  extends  past  the  sides  of  the  structure  to  a  distance 
equal  to  or  greater  than  the  height  of  the  structure  plus  the  crown  cover. 

The  crown  cover  is  seldom  greater  than  the  half  height  of  the  structure. 

Drag  loading  Is  essentially  eliminated,  but  little  attenuation  of  over¬ 
pressure  is  experienced. 

Buried  Structures:  Structures  buried  at  a  depth  such  that  arch  action  of  the 
soil  is  expected.  Arch  action  has  not  been  experienced  for  depths  of 
burial  less  than  the  least  horizontal  dimension  of  the  structure. 

is  defined  as  the  static  peak  overpressure  in  the  shock  front. 

q  is  defined  as  the  peak  value  of  wind  pressure  in  the  shock  front.  This  value 
is  omitted  in  many  of  the  charts  as  it  was  not  specified  in  the  original 
reference. 

HOB  is  the  abbreviation  used  for  Height  of  Burst. 
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CORRELATION  CHART 


Category 

Buried  Corrugated-Steel,  Cattlepass  Pipe  Sections,  Shown  as  a  Function  of  Depth  of  1 

Structure 

Steel 

Cattle- 
pass  /l 

hs7-8" 

— 

d  =  7-6" 
h  =  7'-8" 

■ 

Operation 

(S*ru ctur e/ref .  page) 

Plumbbob 
(3.2f/pp  121) 

(3.2m  /  — -  ) 

(3.2c  / 

Detonation 
(Yield /HOB) 

36.6KT  /  700' 

! 

: 

Distance  from 
ground  zero 

1040' 

1360' 

970' 

1043’  | 

P  /  . 

50/q  »n  psi 

126  psi  / 

60  psi  / 

149  psi  / 

126  psi  / 

Positive  Phase 

0.206  sec. 

0.  361  sec . 

0.232  sec. 

0.206  se< 

Structural 

Response 

Me do 

Symmetrical  compression 
and  flexural  modes. 

Significant 

Structura  1 

Da  mag;?  and 

Additional  Co.nmznts 

!  I.J 

.Flat  bottom  deflected 
inward  slightly. 

.Slight  circumferential 
shortening  due  to 
mechanical  takeup  in 
bolted  seoms.  No 
.other  visual  damage 
to  buried  sections. 

.More  apparent  damage 
♦nan  to  Plumbbob  3.2a 
although  subjected  ro 
lower  pressure. 

Depth  of  burial  is  a 
significant  factor. 

.Minor  circum'fei  ential 
shoi  tenmg . 

.No  other  visual  damage 
to  buried  sections. 

.Minor  circumferential 
shortening. 

.Change  in  internal 
height  was  1%. 

.No  othei  visual  dam¬ 
age  to  buried 
sections. 

.All  cattlepass  sections 
buriea  more  than  5  1 
behaved  essentially 
the  same.  Note  that 
the  span  of  these 
structures  is  5'-  10"  . 

. Change  i 
height  le 

Ha  If  o*  o. 

of  the  ori 
height. 

- 

|po$s  Pipe  Sections,  Shown  as  a  Function  of  Depth  of  Buna 


rcjmferential  .Minor  circumferi  ntial  .Change  in  internal 
ig.  shortening.  height  less  than 

*  visual  damage  .Change  in  internal  half  of  one  per  cent 


sections.  height  was  1%.  of  the  original 

.  No  other  visual  dam-  height, 
age  to  buried 
sections. 


.All  cattlepass  sections 
buried  more  than  5  ' 
behaved  essentially 
the  same.  Note  that 
the  span  of  these 
structures  is  5'-  10". 


(3.2k  / 


d  =  lO'-CT 
h  --  7'-S" 


(3.2b/  - -  ) 


1360' 

1040' 

60  psi 

126  pti 

J.  36  1  sec . 

1 

0.206  sec . 

.  Change  in  internal 
neight  approx . 

3/4  o*c  one  per  cent 
of  the  original 
height. 

2 

CORRELATION  CHART 


Cate 


gory 


Structure 


Operation 

(Structure/ref.  page) 


Detonation 

(Yield  /  HOB) 


Distance  from 
ground  zero 


P  /  ■ 
rso/q  ! n  psi 


Positive  Phase 


Structural 

Response 

Mode 


Significant 

Structural 
Damage  and 
Additional  Comments 


Buried,  Circular,  Corrugated  Steel  Pipe  Sections,  Sr  own  as  a  Function  of  Decreasing 


Plumbbob 

(34.3-01  /  pp  171) 


44  KT  /  700’ 


825' 


245  / 


0. 154  sec . 


Unsymmetrical 
flexure . 


(34,3-02  /  pp  171) 


900‘ 


140  / 


0. 160  sec . 


,  No  significant  damage  occurred. 

.Structure  was  apparently  loaded  too  small  per¬ 
centage  of  its  capacity. 

.Major  portions  of  the  blast  load  were  carried  by 
the  soil  by  arching.  (Notice  depth  of  burial 
compared  to  span.) 

More  bolts  were  used  in  each  34.3  structure 
connection  in  an  attempt  to  minimize  the 
mechanical  slippage  noted  in  the  joints  of  3.2 
structures.  Double  rows  of  bolts  were  used  (3.2 
structures  used  single  rows).  No  joint  slippage 


7'  -6" 


(3. 2d  /  pp  151) 


36.6  KT  /  700! 


1040' 


126  / 


0.206  sec . 


Symmetrical  com¬ 
pression  and  flexure 
(flattening). 


.No  significant  damage 
occurred. 

.Minor  si ippage  in 
bolted,  lap  splices 
occurred. 

.3.2  structures  were 
tested  at  Frenchman's 
F lots  using  special 
(imported)  backfill  to 
typify  more  standard 
North  American  soils. 


(3.2h  . 


1150' 


100  ' 


0.333  se 


in  34.3  structures  was  noted. 

34.3  structures  were  tested  at  Yucca  Flats  under 
natural  soil  conditions. 


Residual  deformations 
were  rougiiiy  half  of 
the  tr  nsient  deforma¬ 
tions  . 


Residual  deformalions  were  a  large  percentage  of 
the  transient  deformations  a  I  tnough  the  latter 
were  small  .  Progressive  failure  unaer  repeated 
loads  is  suggested  as  a  result. 


Steel  Pipe  Sections,  Shown  os  a  Function  of  Decreasing  Overpressure. 


6  -  7'-6" 

32  /  pp  171) 

(3. 2d  /  pp  121) 

(3 ,2h  /  pp  121) 

36.6  KT  /  700' 

1040' 

1150' 

126  / 

100/ 

sec  . 

0. 206  sec . 

0 . 333  sec . 

Symmetrical  com¬ 
pression  and  flexure 
(flattening). 

a  a  smal  1  per- 

rere  carried  by 

Hi  of  bui  ial 

3  structure 
lize  the 

joints  of  3.2 
were  used  (3.2 
joint  slippage 

:ca  F lots  under 

e  percentage  of 
[h  the  latter 
nder  repeated 

.No  significant  damage 
occurred. 

.Minor  .slippage  in 
bolted,  lap  spilces 
occurred. 

.3.2  structures  were 
tested  at  F.-enchrnan's 
Fiats  using  special 
(imported)  backfill  to 
typify  more  standard 
North  American  soils. 

.Residual  deformations 
were  roughly  half  of 
the  transient  deforma¬ 
tions. 

-< - 

/$! 
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CORRELATION  CHART 


Circular,  Reinforced  Premie  nnri  Monolithic  Concrete  Pipe  Sections  Shown  as  a 


Standard  concrete  sewer  pipes  without  elliptical  reinforcement. 


Plu-nbbob 
(3.2e  /  pp  121) 


(3.2j  / 


(3.2  I  / 


(30. 

(Fre| 

- 1 


36.6  KT/  SB  /  700' 


43.  i 
900' 


1040' 


1150' 


1360' 


126  / 


100  / 


60 


160 

0.2- 


0.206  sec. 


0.333  sec . 


0.361  sec. 


Symmetrical 
flattening, 
flexural  mode . 


Uns; 

flex 


Internal  longitudinol 
cracks  at  ceiling  .and 
in  centei  of  floor.  1/4" 
floor  crock,  1/32" 
cracks  in  cei  I ing . 
Spe-io!  bor'-'MI  wo*, 
used  to  typify  std. 
soils.  Good  compac¬ 
tion  ,  hence  little 
flexural  deformation . 

5'  diom. ,  8  gage 
corrugated  steel  pipe 
entrance  section 
showed  no  damoge  on 
visual  inspection. 
.Dimensional  changes 
were  less  than  1%. 
.Residual  deformations 
were  roughly  half  of 
the  transient  deforma¬ 
tions. 


•  Internal  longitudinal 

I  f  I  /i'll! 

UULK)  Ul  1/04 

width  in  cei  ling  and 
floor . 


.Structure  3.21  at  60  oc-i 
responded  in  a1  most  the 
same  manner  and  to  the 
same  degree  as  3.2j  ai 
100  psi . 


,  Mini 
bur 
».*ntiJ 
cia< 
to  ,3 
.Win 
ion 
Of  H 
.No 
fc  n  trj 
indi 
wa  I 
wa 
,  Tin! 
has 
loo 
mad 
for 
pi  pa 


ond  Monolithic  Concrete  Pipe  Sections  Shown  as  a  Function  of  Overpressure. 


without  elliptical  reinforcement. 


1 


3  -0 
-  10" 
7' -2" 


Precast  rings 


Monolithic  construction 


(3.2  I  /  -< -  ) 


(30.6  11-2/  pp  149) 
(French  Shelter) 


(30 . 7  CAa  /  pp  165) 
(German  Shelter) 


(30.7  CAb  /  pp  165) 

(German  Shelter) 


43.8  KT/  7C0' 


1360' 


900' 


1000' 


60  / 


160^320 


160/320 


1 1 5/230 


3  sec. 


0.36 1  sec 


0 . 24  sec . 


0.26  sec . 


Unsymmetrical 
flexural  mode 


Symmetrical  flexural 
mode 


no  I  longitudinal 

ks  of  1/32" 

|h  in  coiling  end 


.Structure  3.21  at  60  psi 
responded  In  a i most  the 
same  manner  and  to  the 
same  degree  as  3 . 2  j  at 
1 00  psi . 


. Minor  damage  to 
buried  inono'ithic 
entryway,  extensive 
cracking  and  spalling 
to  precast  rings. 

.Wind  and  missile  eros¬ 
ion  to  exposed  parts 
of  entiy. 

.No  impending  co1  lapse. 
Entry  way  ciack  patterns 
indicate  that  the  entry 
walls  were  forced  out¬ 
ward  into  the  soi  I . 

.This  site  (Yucca  Flats) 
has  characteristicol ly 
looser  soil  than  French¬ 
man's  Flats,  the  site 
for  the  concrete  sewer 
pipes  shown  to  the  left. 


.Minoi  damage  except 
to  ?xpo'.ed  emergency 
exit  hatch . 

.Minor,  symmetrical, 
longitudinal  crocks  in 
tloor  and  cei  iing. 

.Minor,  center-span 
crack  running  up  the 
stair  at  the  entrywuy 
(rect.  const.) 

.  Wind  and  missile 
erosion  to  exposed 
parts  of  entry . 
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CORRELATION  CHART 


Category 


Steel  and  Concrete  Pipe  Sections  at  Constant  Depth  of  Burial  Shown  as  a  Function  c 


Concrete  s 
P'pe 


Operation 

(Structure/ref.  page) 


Detonation 
(Yield  /  HOB) 


Distance  from 
ground  zero 


P$o/q  in  psi 


Positive  Phase 


Structural 

Response 

Mode 


Significant 
Structural 
Damage  and 
Additional  Comments 


il 


__  Circular 

N;7':,6"  Steel  d  =  7'--6 ' 
tlo"  P1^  h  =  7'‘0" 


Steel 

Cattle-  d=  7'-6  1 
Pass  h-  7' -8" 


Plumbbob 
(3. 2e  /  pp  121) 


36.6  KT/SB/700' 


Internal  longitudinal  None  .Change  in  height 

cracks  at  ceiling  and  in  was  less  fhon  half  of 

center  of  floor;  1/4'1  one  percent, 

floor  crack,  1/32" 

crack;  in  ceiling.  .No  siynificunt 

Special  backfill  and  structural  damage, 

good  compaction  was 
used,  hence,  little 
flexural  deformation. 

Dimensional  changes  _ 

were  less  than  He. 

Residual  deformations 
were  roughly  holf  of  the 
transient  deformations . 

General  Comments 

Steel  sections  were  subject  to  arch  shortening  to  a  degree  not  appreciably 
greater  than  the  concrete  sections. 

The  concrete  pipes,  excepi  ui  ilie  100  psi  locations,  did  not  exhibit  appre¬ 
ciably  greater  stiffness  than  the  steel  sections.  At  this  depth  of  burial,  it 
would  be  expected  that  membrane  action  (symmetrical  compression)  would 
be  most  effective  in  resisting  load.  Concrete  exhibits  flexural  damage  more 
graphically  than  steel  at  these  flexural  levels. 


Symmetrical  com¬ 
pression  and  Flexural 
Mode  (flattening) 


Zonstant  Depth  of  Burial  Shown  as  a  Function  of  Overpressure. 


Steel 

'-6"  Cattle-  d-  7' -6" 

’-0"  Pass  h=  7' -8" 


Concrete  d  =  7‘-6" 
h  =  8'-0" 


Circular  d  =  7'-6" 
Steel  h  =  7'-0" 


•  Change  in  height 
was  less  than  half  of 
one  percent. 

.  No  significant 
structural  damage  . 


.Internal,  symmetrical 
longitudinal,  1/32" 
cracks  in  floor  and 
ceiling. 

.Special  backfill  was 
used  to  typify  the 
standard  conditions, 
hence,  little  flexural 
deformation  occurred. 

.Dimensional  changes 
were  less  than  1%. 

.Residual  deformations 
were  roughly  half  of 
the  transient  defor- 


rening  to  a  degree  not  appreciably 

>si  locations,  did  not  exhibit  appre- 
ctions.  At  this  depth  of  burial,  it 
n  (symmetrical  compression)  would 
ncrete  exhibits  flexural  damage  more 
levels. 


6 


X. 


Concrete  d  -  7'-4" 
h  -  8'  — 0" 


Cattle- 

pass 


d  =  7l-6'' 
h  =  7 '-8" 


(3.2g  / 


Dimensional  changes 
were  less  than  1/2% 


)  (3.2  1/  -  ) 


1360' 

60/ 


0. 361  sec. 


Internal  symmetrical, 
longitudinal,  l/32M 
cracl's  In  floor  and 
cei  ling . 

Special  backfill  wu.» 
used  to  typify  the 
standard  conditions, 
hence,  little  flexural 
deformation  occurred. 
Dimensional  changes 
were  less  than  1%. 
Residual  deformotions 
were  roughly  half  of 
the  transient  defor¬ 
mations. 


This  structure  at  60  psi 
responded  in  almost  the 
same  manner  and  to  the 
same  degree  as  3.2j  at 
100  psi . 


onal  chonges 
SS  than  1/2% 


.  Internal  symmetrical, 
longitudinal,  1/32" 
cracks  in  floor  and 
rei  linn 

.Special  backfill  was 
used  to  typify  the 
standard  conditions, 
hence,  little  flexural 
deformation  occurred. 

.Dimensional  changes 
were  less  than  1%. 

.Residual  deformations 
were  roughly  half  of 
the  transient  defor¬ 
mations  . 

•  This  structure  at  60  psi 
responded  in  almost  the 
same  manner  and  to  the 
Sume  ueyiee  OS  3.2j  at 
1 00  psi . 


.Dimensional  changes 
were  less  than  1/2%. 
.No  significant  struc¬ 
tural  damaoe. 


CORRELATION  CHART 


Category 


Structure 


Earth-covered,  Flexible,  Corrugated  Steel  Arch  Srrelt 


Operation 

(Structure/ref.  page) 

Upshot-Knothole 
(3.15  /  pp  70) 

Defonnfion 

26.5  KT  /  AB/  2425' 

(Yield  /  HOB) 

(May  8,  1 953) 

Distance  from 

ground  zero 

2700' 

Pso/q  in  psi 

10.8  /  4 

Positive  Phase 

0.703  sec. 

S  Ir  uutuiu  1 

Response 

Mode 

Asymmetrical  flexure 

Significant 
Structural 
Dan-age  and 
Additional  Comments 


.Arch  remained  elastic 
but  ena  walls  deflected 
inward  extensively. 

.Minor  O' cr  contraction 
occurred  due  to  joint 
slippage. 

.  Building  responded 
with  one  major  lurch 
and  rebound  rol lowed 
by  trivial ,  damped 
osci  llations. 

.End  walls  were  weakest 
pa’ t . 

.  S'ructures  of  this  type 
will  probably  withstand 
overpressures  of  30  to 
35  asi . 

.  Deflections  approxi¬ 
mated  camped  harmonic 
motion . 

.  High  leewora  soil 
pressures  suggest  high 
passive  pressure.. 


Upshot -Knothole 
same  structore  as  3.  15 


14.9  KT  /  S3  '  524' 
(May  25,  1953) 


3.1  /  7  witn 
4  psi  pi ecursor 


3.430  sec . 


Little  info-motion  Is 
available  due  to  loss 
of  deflection  nagnr.. 


.Crown  deflected  up¬ 
ward  (transient  ond 
residual),  completely 
elostic  arch  response. 


Teapot  -  Same 
structure  as  U-K  3.  1: 


22.0  KT  /  S3  433' 


2303' 


II  /  30 


Asymmetrical  flexu-e 


1500' 

1400’ 

1500' 

30  /  170 

35  /  200 

30  /  180 

Complete  asymmetrical 
collapse  with  windward 
side  of  arch  touching 
floor.  Dynamic  press¬ 
ures  were  considerably 
larger  than  predicted. 

The  lee  gages  recorded 
zero  total  pressure 
which  seems  to  be  char¬ 
acteristic  of  drag 
pressures  qreater  than 

50  psi  . 

For  extreme  drag  loads 
on  drag  sensitive  struc¬ 
tures,  the  height  should 
be  decreased,  soil  shoulc 
be  compacted,  bern 
should  be  widened, 
corrugation  should  be 
deepened,  steel  gages 
should  be  increased. 

Soil  was  compacted  to 
height  of  8’  .  >rdy  . 


Collapsed 


f 


.Collapsed,  pai  tial  ly 
due  to  water  inunda¬ 
tion  from  buist  tank. 


.This  model  was  designed 
to  hove  stresses  identi¬ 
cal  to  those  of  the  full 
scole  structure  (3.6) 
of  the  same  lange . 


Backfill  on  all  nodels  wjrs  not  compacted. 


.'.Vi fristood  the  blast 
loads  but  underwent 
extensive  crown  de¬ 
fier  *ions  . 


.This  model  withstood 
dynamic  deflections 
of  mo'e  than  ‘1  times 
the  value  at  which 
statically  loaccu 
laboratory  models 
fai  led . 

. ReS'duol  deflection 
was  1 5*0  of  tie  height. 


.  CoiiapscJ 


Analysis 
tior»  (ext. 

0. 25q . 


CORRELATION'  CHART 


CORRELATION  CHART 


Category 

Comparison  of  Earth-covered  Steel  to  Buried  Steel  Arch  Shelters. 

Strut  tyre 

l  1 

1  4-0" 

_ 

J* f s^-3;d 

1 

-VAy./'A 

a — rmz 

J  ^  l.tirll-8,' 

Operation 

(btructure/ret .  page) 

Plumbbob 
(3.3b  /  pp  127) 

T  eapot 

(3.6  /  pp  95  ) 

Upshot-Knothole 
(3.15  /  pp  70  ) 

Detonation 

(Yield  /  HOB) 

36.6  KT/  700' 

22.0  KT/  400' 

26.5  KT  /  AB  /  2425 1 

Distance  from 
ground  zero 

1360' 

I5C01 

2700' 

^SO./q  in  psi 

56  /  300 

30  /  170 

10.8  /  4 

Positive  Phase 

0.361  sec . 

0.700  sec . 

Structura  1 

Response 

Mode 

Symmetrical  r  op¬ 
pression  ond 
flexure  (flattening) 

Asymmetrical 

flexure 

Asymmetrical  with  one 
major  lurch  and  rebound 
followed  by  trivial, 
damped  osci  1  lotions. 

Significant 

Structural 

Damage  and 

Additional  Comments 

.No  significant  struc¬ 
tural  damage. 

.  Joint  slippage  was 
less  than  1/8"  eoch 
joint . 

.Average  footing  dis¬ 
placement  was  less 
than  1  1/2"  downwarc. 

.  Backf il  1  was  wel  1 
compacted . 

.Complete  asymmetrical 
collapse  with  the  wind¬ 
ward  side  the  arch 

touching  the  floor. 
Dynamic  pressures  were 
considerably  larger 
than  predicted . 

.  The  backf  i 1 1  was  wel i 
co.mDac  ^d . 

.Arch  remained 
elastic  but  end  walls 
deflected  inward 
extensively . 

.  End  walls  were 
weakest  part. 

.  Structures  of  this 
type  will  probably 
withstand  o/er- 
p-essures  of  30  to  4Q 
psi. 

.Deflections  approxi¬ 
mated  damped  ^ar- 
mon'c  motion . 

.  High  1  eewarc  so;  1 
pressures  suggest 
high  passive  pressures. 

2 
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Category 


Structure 


Operation 

(Structure/ref.  page) 

Detonation 
(Yield /HOB) 


Distance  from 
ground  zero 

P">o/q  ?n  psi 


Positive  Phase 

Structura  I 

Response 

Mod^ 


Signif  icant 
Structural 
Damage  and 
Additional  Comments 


Buried  Reinforced  Concrete  A  ch  Shelters. 


/  4' -0” 

'‘j'VFMr 

20  long 

8-0" 

Plumbbob 

(3.1c  /  pp  118) 

^■1 

(3.1a  /  ) 

1; 

36.6  KT  /  700' 

— — 

960' 

1040' 

1360' 

199  / 

12  i  / 

66  / 

0.206  sec. 

0.361  sec . 

Compression  and 
and  appreciable 
asymmetrical  flexure. 

1 

•  Obvious  diagonal 
cracks  occurred  in  the 
floor  slab.  Cracks 
occurred  on  the  inner 
surface  of  the  arch  at 
the  third  po:nts. 

.High  accelerations  of 

the  monohthir  flop' 

slab  may  be  psycho'o- 
gicaMy  objectionable. 
.Structure  was  adequate 
as  a  oersonnel  shelter 
at  203  psi  o/erpressure , 

General  Comments 

.  Instrumentation 
oro/cd  that  plane 
sections  remained  plane. 

.  Accelerations  of  the 
floo*  slab  were  miro  . 

.Mino-  crocking  occurred 
but  in  a  pattern  rough¬ 
ly  si  in i lui  io  3 .  1  b,  c . 

I 

1  .  Deflections  were  small  cut  directly  ,vopO'tional  to  the  magnitude  of 
overpressure. 

2.  Bacxfil I  was  fully  compacted. 

3.  Transient  earth  pressures  at  some  points  exceeded  free  field  overpressui es 
at  the  g;ojtd  surface,  probably  due  to  reflected  and  passive  pressures  in 
the  soi  I . 

4.  Conventional  blast  design  procedure  gave  conservative  results. 


.Oackino  was  non-  extensive  than  in  3.  la  with  o*'ch  cracks  at 
crown  iathei  tl'an  3rd  points. 

.Bending  is  still  significant,  casting  doubt  on  the  validity  of  the 
cynn-cn  design  assumption  of  zero  bending. 


Genc'al  Comments  (continued) 

5.  As  structures  were  almost  square  in  plan,  the  end  conditions  greatly 
effected  arch  action.  Structure  3.  In  was  designed  to  evaluate  this 
effect,  and  indicated  that  the  end  ejects  extended  inward  a  distance  of 
approximately  1  1/2  times  the  radius. 

6.  The  vertical  reactions  ot  the  springline  equaled  the  peak  overpressure  at 
ground  surface  times  half  the  plan  area  of  the  arch. 

7.  Probable  location  of  failure  would  be  ot  the  springing  line  due  tc  large 
moments  and  thrusts. 

8.  The  residual  deflections  were  roughly  half  of  the  transient  deflections. 


CORRELATION  CHART 


ctangular  Shelters  in  Operation  Plumbbob. 


Same  as  30.7RAo 
(first  column) 


(30.6  11-3  /  pp  ID  1) 


(30.6  11-4/ pp  153)  (30.6  11-5/ pp  155)  (30.7  RAb  /  pp  159 


(30.7  RAc  /  pp  161) 


Cracks  in 
>$cd  portions. 

frovi  extensive  to  i 

i 

nild  wind  erosion  and 

irr.ilar  accelerations  and  translations, 
ry  stairways  to  separate  from  the  shelter 

2S  predict  the  structural  ociion  with 
uol  strengths  o*  materials  and  as-built 

.  Mi  nor  cracki  ng 
in  buried 

portions,  entrance 
badly  dan-aged . 


.Very  minor  damage 
in  buried  portions. 


.  1/32"  cracks  in  floor 
minor  wall  and  roof 
crocks,  major  entrance¬ 
way  damage  though 
appreciably  less  than 
30.7  RAa  (first  column). 


. Hair  line  crocks  in 
main  structure,  e>  - 
tensive  entranceway 
cracks  at  re-entrant 
corners . 


cracks  in  floor 
(vd  I  and  roof 
,  major  entrance- 
image  though 
Jahly  less  than 
Aa  (first  column) 


.Hair  line  ciacks  in 
main  s tincture,  ex¬ 
tensive  entrunrpwoy 
cracks  at  re-entfont 
corners. 


CORRELATION  CHART 


Co  tegory 


Structure  7*r 


Operation 

($trur.ture/ref .  page) 


Detonation 


(Yield /  HOB) 

Distance  from 
ground  zero 

^so^q  in  ps> 


Positive  FSase 


Structural 
Response 
Mod : 


Significant 
Structural 
Damage  and 
Additiona*  Corr.mcnts 


Icrete  Shelters  of  Rectangular  Construction. 


With  concrete  interior 
partition 


l^- 

Parking  Garage 


b-2 


-  ) 


(34. 3a -I 


(34.3b-!  / 


Plumbbob 
(30.2  /  pp  141) 


14.2KT.AB  'jOO' 


36.6KT/AB  /  700' 


47 


42/ 


p. 

Oh--. I  t'H*  sic i  i i  wc-l  I 
(Ill  mi','  -il. 

lo*  t  loo-  slu1*  (J  .  Aj) 


-Considerable  dis¬ 
tortion  to  the  door 
frarr.e  in  the  con¬ 
crete  partition . 


.AM  •.•Yp.-tv:'  ventila¬ 
tion  vent*  (pipes!  were 
bent  away  fiom  G.Z. 


-Retaining  wall  at  entrance  romp  was  extensively 
damaged,  partially  dje  to  inadequate  soil  com¬ 
paction  and  high  reflected  overpressure  loading. 

.No  other  structural  damage  occurred. 

.Rarrp  side-wall  was  moderately  cracked  with  some 
indicot:on  of  bond  failure. 

•  Structure  was  more  then  adequate  to  resist  *hr 
loads  applied  . 

.The  strength  of  neme!  lap  splices  in  concrete 
reinf.  may  be  much  lower  under  high  loadirg 
rates  than  under  static  loads. 

.Concrete  ductility  would  be  enhanced  by  weld¬ 
ing  or  elimination  of  reinforcement  splices . 

.Natural  soil  is  quite  stiM.  Backfill  was  compacted, 
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GENERAL  DISCUSSION  OF  STRUCTURAL  RESPONSE 


A  summary  statement  can  be  made  that  the  weapons  tests  in  each  cnse  did  not  dis¬ 
prove  standard  assumptions  used  in  blast  design,  limit  design,  and  ultimate  strength 
theory.  On  the  contrary,  many  test  results  were  verifiable  with  reasonable  accuracy 
by  employing  the  actual  material  strengths,  as-built  construction  conditions  and 
blast  overpressure  data  avai lable  after  the  tests.  Standard,  reasonable,  engineering 
analyses  appear  to  be  adequate  within  the  range  of  accuracy  of  the  test  data.  Much 
refinement  is  necessary  for  complete  understanding  of  the  structural  action. 


Earth-Covered,  Semiburied,  and  Buried  Steel  Arch  Shelters 

Ihe  results  of  the  tests  emphasize  the  basic  concern  that  above-ground 
structures  in  regions  of  high  overpressure  are  loaded  by  severe,  asymmetri¬ 
cal,  drag  forces.  Above-ground,  earth-covered,  steel  arch  shelters^ 
collapsed  completely  under  short  duration,  30  psi  overpressure  loads. 

Buried  construction  showed  only  minor  damage  at  100  psi .  ^  The  results  of 
the  tests  indicate  that  the  type  of  earth-covered,  steel  arch  shelters  tested 
will  be  operational  up  toon  overpressure  of  15  psi.  The  effect  of  the  cut  in 
cover  was  to  reduce  the  load  on  the  lower,  windward  panels  of  trie  arches, 
and  protect  the  lower,  iee  side  panels  by  minimizing  the  horizontal  outwore' 
displacements.  The  earth  cover  had  little  or  no  effect  on  reducing  the  down¬ 
ward  force  applied  to  the  arch  crowns. 

It  is  worthy  of  note  that  (1)  no  arch  shelters  with  well  compacted  backfill 
were  tested  using  megaton  range  detonations,  as  Eniwetok  soils  used  did  not 
have  the  mechanical  properties  necessary  for  good  compaction  and  passive 
pressure  development;  (2)  semi  buried  steel  arch  shelters  foiled  completely 
under  high  pressure,  long  duration  loads,  and  (3)  all  of  the  structure*  tested 
in  Nevada  which  did  not  fail  had  proper  soil  and  good  compaction.  Addi¬ 
tional  tests  should  be  conducted  on  steel  arch  structures  with  good  soil 
compaction  using  long  duration  loads,  and  on  steel  arch  structures  with  poor 
compaction  using  short  duration  loads. 

The  results  of  the  tests  indicate  that  flexible  arch  shelters  when  buried  or 
earth-covered  to  eliminate  drag  loading,  and  when  backfilled  with  well- 
compacted  soil  of  high  shear  strength,  are  loaded  essentially  symmetrically, 
and  function  properly  up  to  overpressures  of  at  least  50  psi  when  these  over- 


^  Operation 
o 

*  Operation 
^Operation 


Teapot,  Structure  3.6,  page  95 
Plumbbob,  Structure  3 . 3a ,  page  127 
Hardtack,  Structures  3.2,  page  189 
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pressures  are  of  short  duration.  However,  flexible  arch  shelters,  back¬ 
filled  or  covered  with  loose  soil  of  poor  compactability,  collapse  at 
overpressure  levels  of  less  then  30  psi  when  loaded  with  either  long  or 
short  duration  blast  forces. 

Pipe  sections  buried  at  depths  greater  than  their  span  appeared  to  deform 
predominately  in  the  circumferential  compression  mode. 


Steel  Construction  Compared  to  Concrete  Construction 

The  results  of  the  tests  do  not  indicate  that  reinforced  concrete  structures 
have  appreciably  better  structural  response  (  lower  accelerations,  smaller 
deflections,  less  differential  movement,  etc.  )  than  do  steel  structures 
designed  for  the  same  purposes.  Due  to  the  erratic  nature  of  the  test  data, 
if  can  only  be  said  that  deflections  measured  on  concrete  structures  fend 
to  be  smaller,  on  the  average,  than  do  corresponding  deflections  on  steel 
structures.  As  expected,  concrete  acts  in  a  brittle  manner  producing  some 
missile  hazard,  while  steei  acts  with  high  ductility.  Distress  in  concrete 
structures  is  easily  recognized  by  the  resulting  crack  and  spoil  pattern. 
Damage  to  steel  structures  does  not  present  itself  so  graphically.  No  in¬ 
formation  is  available  on  the  pre-test  ond  post-test  conditions  regarding 
the  water  tightness  of  the  test  structures.  Accelerations  of  tested  struc¬ 
tures  of  both  materials  were  comparable  to  the  accelerations  of  the  soil 
at  the  same  depth  of  burial. 

The  instrumentation  of  the  structures  allows  only  limited  insight  into  the 
interaction  of  structures  with  soil,  the  most  important  characteristic  of 
the  structural  response  of  buried  construction.  The  questionable  accuracy 
of  the  data,  as  well  as  the  lack  of  complete  data,  does  not  ollow  detailed 
analysis.  However,  a  general,  positive  statement  has  been  mode . 

This  concept  ,  stated  by  severol  test  program  officers  ond  not  clearly 
supported  by  test  results,  suggests  that  steel  arch  structures,  being  highly 
flexible  and,  hence,  inefficient  in  resisting  unsymmetricol  loads,  respond 
to  such  loads  by  yielding  sufficiently  to  allow  significant  passive  pressures 
to  be  developed  in  the  soil.  These  passive  pressures,  operating  in  resis¬ 
tance  to  the  applied  lateral  loads,  produce  the  soil  pressure  gage  readings 
obtained  in  many  tests  which  indicate  essentially  symmetrical  structural 
loading.  Hence,  as  a  reciprocal,  concrete  structuies  of  greater  stiffness 
will  not  "lean  into"  the  soil  to  develop  passive  pressures,  ond,  as  a  re¬ 
sult,  are  loaded  more  asymmetrically.  Thus,  steel  structures  gain  support 
from  the  surrounding  soil  by  "rolling  with  the  punch,"  while  concrete 
structures  must  rely  more  on  their  own  inherent  strength.  Backfill  must 
be  well  compacted  to  create  significant  passive  pressures  for  small  arch 
side-sway.  In  addition,  arch  span  should  be  minimum.  Arch  length  has 
no  influence  if  greater  than  three  times  the  radius  of  the  arch,  and  if 


shorter,  contributes  to  the  strength  of  the  siiucture. 

No  full  scale,  buried,  rectangular,  steel  structures  were  tested  to  allow 
correlation  with  buried,  rectangular,  concrete  construction.  Interesting 
tests  of  limited  scope  were  conducted  in  Project  3.d  ct  Upshot-Knothole 
(pp  63)  on  buried  steel  beams,  but  do  not  indicate  the  composite  response 
to  be  obtained  from  complete  structural  assemblies.  Steel,  rectangular 
models^were  built  but  subjected  to  insufficient  force  to  obtain  structural 
response  information. 

The  rectangular,  reinforced  concrete  construction  suffered  only  minor 
damage  to  below  ground  portions.  Minor  to  severe  cracking  and  displace¬ 
ment  was  experienced  in  the  entry  ways  and  stair  walls,  predominately  due 
to  flexure  in  a  mode  not  normally  experienced  by  soi  I -retaining  components. 
Walls  were  pushed  outward  into  the  soil  as  atmospheric  pressures  were 
greater  than  the  soil  resistance.  Extensive  wind  erosion  occurred  to  ex¬ 
posed  parts. 


III.  The  Effects  of  Soil 

All  tests  of  sufficient  strength  to  produce  measurable  structural  response 
have  shown  that  soil  significantly  effects  the  strengths  of  buried,  semi- 
buried,  and  earth-covered  structures.  In  addition  to  increasing  the  effec¬ 
tive  mass  of  o  structure,  soil  resists  movement  and  quickly  damps  out 
resulting  vibrations.  Overpressure  is  significantly  reduced  in  intensity 
when  the  backfill  is  loose  and  can  move  or  consolidate  when  the  shock 
wave  passes  through  it.  Well  compacted  backfill  of  high  shear  strength, 
while  being  much  less  effective  in  reducing  overpressure  intensity  than 
loose  fill,  will  develop  the  passive  resistance  needed  by  flexible  struc¬ 
tures.  If  the  depth  of  burial  of  a  flexible  structure  is  greoter  than  its 
span,  the  soil  will  arch  over  the  structure  providing  additional  load  resis¬ 
tance.  No  significant  structural  tesistunce  was  attributed  to  soil  arching 
in  the  structures  of  smaller  burial  depth  to  span  ratio. 

It  is  generally  recommended  for  arched  or  tubular  structures  that  backfill 
be  carefully  selected  and  compacted  to  assure  maximum  resistance  to 
flexure*!  distortion.  In  addition,  the  test  result*  lend  support  to  the 
assumption  that  structures  buried  at  depths  equal  to  oi  greater  than  their 
span  are  loaded  essentially  symmetrically.  No  statements  of  a  more 
specific  nature  should  be  made  on  the  evidence  obtained  from  these  tests. 


Operation  Buster-Jangle,  Structures  3.3,  pege  20 
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IV. 


The  Action  of  St-uctural  Foundations 


No  damage  was  sustained  by  pad  footings  used  in  the  massive/  concrete; 
underground  parking  garage  tested  in  Plumbbob  Project  30.2  (pp  141).  No 
other  srruciure  utilised  separate  footings. 

The  structural  action  of  continuous,  poured-in-ploce  foundations  was  most 
graphically  illustrated  by  the  steel  arched  shelters  of  Operation  Plumbbob. 
Being  relatively  flexible,  these  footings  moved  downward  (  3"  maximum  ) 
and  in  some  cases,  outward,  when  not  tied  directly  to  the  floor  slab.  Ex¬ 
tensive  foundation  cracks  occurred  but  Hue  to  the  rontcined  nature  of  the 
lesulting  configuration,  no  collapse  was  imminent. 

The  floor  slab  used  in  the  steel  arch  shelters  was  free  from  the  foundations 
and  resisted  their  deflections  by  friction  only.  Only  minor  floor  slab 
cracks  occurred  at  100  psi  overpressure  loadings.  On  the  other  hand,  the 
massive,  monolithic  foundation-floor  used  in  similar  concrete  arch  shelters 
(  Plumbbob  3.1,  pp  116)  suffered  extensive  crack  damage.  The  difference 
in  structural  distress  of  these  two  floor  systems  is  attributed  to  the  mobility 
of  the  free  foundations  of  the  former  over  the  massive,  monolithic  supports 
of  the  latter.  It  is  to  be  recognized  t'not  the  concrete  arch  structures  were 
subjected  to  greater  total  loads,  but  probably  could  have  had  less  damage, 
had  the  floor  slab  been  free. 

V .  The  Use  of  Models 

Models  have  been  used  to  obtain  test  results.  It  is  feasible  to  design  model 
tests  which  will  yield  meaningful  results.  The  construction  and  tisfinjs  of 
models  should  receive  th®  same  care  as  that  of  the  prototype.  The  advan¬ 
tage  of  their  use  lies  in  lower  total  costs  of  construction  due  to  smaiier 
physical  size.  Models  were  tested  in  Project  3.6  of  Operation  Teapor 
(pp  95).  Unfortunately,  little  wos  learned  beyond  the  fact  that  the 
structure  either  did  or  did  not  foil,  ond  the  fact  that  sheet  aluminum  is 
weaker  tnan  sheet  steel.  Deflection  was  found  to  be  a  function  of  q 
rother  than  p  +  0.25q  os  normally  assumed,  but  the  models  were  not  con¬ 
structed  to  give  accurate  results. 

Models  should  be  used  extensively  in  laboratory  tests  in  the  planning  of 
ful  I  scale  tests . 

LIMITATIONS 

The  weapons  tests  conducted  on  buried,  semiburied,  and  earth-covered  structures,  in 
most  cases,  gave  the  information  needed  to  sotisfy  the  project  objectives.  For  the 
most,  these  objectives  were  to  determine  whether  a  specific  structure  would  or  would 
not  serve  as  an  adequate  personnel  shelter.  The  writers  of  this  report  were  interested 
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in  more  than  the  yes-or-no  answers  obtained  in  the  tests.  It  was  desired  to  iso¬ 
late  and  examine  the  data  in  these  tests  to  extract  that  information  which  is 
pertinent  to  the  solution  of  the  structural  design  problem. 

The  resuits  of  the  investigation  reveai  that  olthough  a  considerable  amount  of  data 
was  taken,  much  of  it  was  either  debatable  in  its  reliability,  incomplete  in  its 
scope,  or  not  pertinent  to  the  structural  problem.  When  added  to  the  fact  that  the 
structures  tested  were  often  standard  structures  not  designed  to  carry  blast  loads, 
and,  hence,  contained  obvious  structural  weaknesses,  and  that  each  project  was 
different  in  basic  points,  giving  a  series  of  isolated  examples,  the  results  of  a 
correlation  became  general  and  rather  uninforrrotive .  Specifically,  it  can  be 
said  that  standard  assumptions  of  structural  action  were  not  refuted  by  the  test 
results . 

These  full  scale  test  programs  were  admirably  conducted  within  the  imposing 
limitations  of  project  objectives,  planning  time,  and  financial  support.  It  has 
been  learned,  for  example,  that  certain  types  of  structures  can  or  cannot  be  used 
os  blost  shelters.  Empirical  rules  con  now  be  set  up  to  govern  the  construction  of 
the  types  of  shelters  tested.  These  rules  con  be  extrapolated  with  boll-park 
accuracy  to  design  shelters  of  somewhot  different  configurations.  It  should,  how¬ 
ever,  be  stated  that  much  of  the  information  is  of  inadequate  content  to  do  more 
for  the  field  nf  structural  analysis  than  suggest  trends  and  provide  background  for 
generalized  statements. 

RECOMMENDATIONS 


Considering  buried,  semiburied,  and  eorth-coveted  construction,  the  writers 
recommend: 

1.  That  additional  full  scale  tests  be  conducted  on  structures  of  both 
conciete  and  steel  construction; 

2.  Thot  the  Into!  test  program  be  placed  under  the  guidance  of  a  single, 
engineering-research-oriented  group  whose  charge  >t  will  be  to 
provide  continuity  and  completeness  to  the  program; 

3.  That  all  test  programs  be  olanned  on  the  evidence  of  detailed 
preliminary  investigation., 

4.  I  ha  t  the  tests  be  designed  to  yield  knowledge  specifically  applicable 
to  structural  design  for  blast  loads  for  conditions  of  soil,  and  moisture 
content  found  in  more  representative  sites,  this  information  to  indicate 
both  the  imrrediote  strength  ond  continued  serviceability  of  the  struc¬ 
tures  tested; 

5.  That  particular  core  be  taken  to  properly  instrument  the  structures  and 
surrounding  soil  to  obtain: 
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(a)  loading  modes  and  magnitudes,  as  a  function  of  time, 

(b)  response  modes,  time-motion  history,  and  distortion  magnitudes, 

(c)  soils-structure  interaction  characteristics; 

6.  That  the  same  type  of  structure  be  tested  repeatedly  to  evoluate: 

(a)  the  effect  of  soil, 

(b)  the  effect  of  berm  configuration,  and  depth  of  burial, 

(c)  the  effect  of  overpressure,  ond  drag, 

(d)  the  effect  of  duration  of  load  application, 

and  that  the  same  tests  be  conducted  on  both  steel  and  reinforced  con¬ 
crete  structures  of  similar  configuration; 

7.  That  in  conjunction  with  these  tests,  detailed  information  be  obtained  on 

(a)  response  of  buried  shell  structures, 

(b)  shock  isolation  of  total  structures, 

(c)  shock  mounting  of  structural  systems,  and  components. 
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